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PREFACE.

The plan for the'publication of the Final Keport of the Geological Survey sub-

mitted by the Chief Geologist to the Geological Board, and adopted by them, provided

for two volumes oh Geology, two on Palaeontology, one on Economic Geology, and

one on Zoology, Botany, and Agriculture. It also contemplated the preparation of a

general geological map of the State. In framing this plan, the requirements of the

organic law of the Survey, as construed by the Geological committees in the Legisla-

ture, the Geological Board, and the Geological Corps, were carefully complied with.

Section 5 of the act authorizing the Geological Survey provides that "when the

said survey shall be fully completed, the Chief Geologist shall make to the Governor

a final report, including the results of the entire survey, accompanied by such draw-

ings and topographical maps as may be necessary to illustrate the same, and by a

simple geological map showing by colors and other appropriate means the stratifica-

tion of the rocks, the character of the soil, the localities of the beds of mineral de-

posits, and the character and extent of the different geological formations." In obedi-

ence to this requirement, but before the completion of the field and office work of the

Survey, the Chief Geologist submitted to the Governor sufficient material to form two

of the volumes specified in his plan for the Final Keport. The publication of this

material was authorized by the Legislature as Volume I. of the Final Report of the

Geological Survey, and twenty thousand copies of this volume were ordered to be

printed. The quantity of material presented was, however, so large that it could not

be conveniently included in a single co;ver ; and it was, therefore, thought by the Gee*

logical Board best to' publish the volume in two parts, one of which should be de-

voted to Geology, and the other to Palaeontology. In the very generous provision,

made for the publication of this volume, it was specified that it should be published

on paper of superior quality, and that, in all respects, the work should be done in the

best possible style. No special provision was made, however, for securing the publi-

cation of the report in the style contemplated by the Legislature, and when the mat-

ter was placed in the hands of the printer it was found that no authority had been,

conveyed to the Geological Board, or any other officer of the State, to purchase andi

use any other paper than that supplied under the general contracts made by the Sec-

retary of State. As a consequence, Part I. of the volume was printed on paper simit-
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lar in quality to that used for other State documents ; and the volume, in size and

finish, was hardly in keeping with, the magnitude and value of the work of which it

constituted the record, and was less creditable to the Geological Corps and to the

State than it would have been if the Legislature had conveyed full authority to carry

its intentions into execution.

Before the publication of Part II. of this volume the Legislature convened, and im-

mediately authorized the Secretary of State to purchase in open market larger and

better paper. Part II., therefore, appeared in "much more creditabte style than Part I.

Although the want of Uniformity in the size of these volumes and the inelegant ap-

pearance of Part I. are universally regretted, and are causes of special mortification

to the members of the Geological Corps, some compensation may be found in the

fact that the cost of the volume has been diminished just in the ratio of its defects

of style in publication. It will be noticed that the numerous engravings which illus-

trate the volume are executed in a manner that leaves very little to desire, and that

Part II. was printed on paper of a size and quality not inappropriate to the import-

ance of a document which will not only have permanent value at home, but will be

widely distributed, and be, to some extent, an exponent of the culture of our peo-

ple; and yet,the entire cost of twenty thousand copies—eighteen thousand in

English and .two thousand in German—of the two volumes comprising Parts I. and

HI. of Volume I., was $69,381.94, or $3.47 per copy. This is exclusive of the cost of

ithe bound atlas of Prof. Andrews's maps, which cost $12,400. The very large edition

(Published of each of the reports of the Geological Survey has been regarded by some

.persons as an extravagance, and one for which the Geological Corps is responsible.

This is, however, an undeserved imputation. The selfish interests of the Geological

Corps would have been much better consulted by the publication, in more elegant

style, of a Very much smaller number of these reports. They would then have been

more highly prized, and would have reflected greater honor on their authors, since

geological reports, like other things, are valued very much in the ratio of their rarity.

They have been reconciled, however, to the possibility that their publications would

be contemned because so common, by the consideration that, in issuing them in large

but cheap editions, the Legislature had best carried out the wholesome democratic

principle of "the greatest good to the greatest numbers." It is but just to all con-

cerned, however, that the credit or discredit of these large editions should be given to

the Legislature, and not to the Geological Corps. It should also be said that the pro-

, priety of publishing large editions of the geological reports has been attested by the

• eagerness with which they have been sought by our people, and the rapidity with

,-which the entire editions have been exhausted. Already thousands of applications
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remain in the hands of the members of the Legislature, State officers, and the Geo-

logical Corps, which cah not be supplied.

The history of the publication of Volume II. of our Final Eeport, now given to

the public, is'in many respects similar to that of the first. It was submitted to the

Legislature at its last session, and was then ordered to be printed in an edition of

twenty thousand copies. An appropriation of $60,000 was made to cover the cost of

such publication, a sum which, owing to a considerable reduction in the cost of pub-

lication during the past year, and a very careful economy on the part of those who

have had charge of the expenditure, has proved sufficient for the purpose. An effort

was also made by the Legislature to secure the publication of this volume in a style

fully equal to that of Part II. of Volume I. This was done by authorizing the Sec-

retary of State to have paper of the requisite size and quality manufactured expressly

for the geological report. It unfortunately happened, however, that the paper sup-,

plied on the contract proved inferior to the samples offered when the contract was

awarded, and it was consequently rejected.

The alternative now presented itself of a delay of several months, or the use of in-

ferior paper then in the hands of the Secretary of State. The latter was chosen, and,

consequently Part I. of Volume II. is printed in the same style as the correspond-

ing part of Volume I., while larger and better paper was supplied for Part II., making

this to correspond with Part II. of Volume I. The result of these accidents has been

that we have two volumes on Geology in which the page is smaller and the paper

lighter than was desirable, and yet the cost has thereby been considerably reduced.

At the same time we have two volumes on Palaeontology in which the page is

larger—necessitated by the size of the plates—and the paper is of better quality.

This want of uniformity in the entire series of volumes will be generally deplored,

but it has been inevitable in the circumstances of their publication.

In framing the original plan for the Final Report of the Geological Survey) it was.

supposed that all the matter descriptive of the general and local geology of the State

could be included in two volumes devoted to Geology ; but when the detailed reports

on all the eighty-eight cpunties we were specifically required to examine and describe

were completed, it was found that abundant matter had been supplied for three vol-

umes. A third volume on Geology has, therefore, been prepared, and now awaits the

action of the Legislature. This volume includes reports on the following counties

:

Of the First District—Ashland, Belmont (north half), Carroll, Columbiana, Coshoc

ton, Guernsey (north half), Harrison, Holmes, Huron, Jefferson, Knox, Licking,

Mahoning, Medina, Muskingum (north half), Portage, Richland, Stark, Tuscarawas,

Wayne.
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Of the Third District—Butler, Clinton, Darke, Fayette, Franklin, Miami, Preble,

Warren.

Of the Fourth .District—Champaign, Logan, Shelby.

It will be seen that the above list includes some of the richest and most populous

•agricultural and mining counties in the State, and it would, be a great injustice to their

inhabitants if, after paying their portion of the general expenses of the Survey and

for the publication of reports on other portions of the State, they were denied their

share of the benefits of the Survey. The matter for the third volume has been, to a

considerable extent, prepared since the appropriations for the salaries of the Geological

•Corps were discontinued; much of It is, therefore, a gratuitous contribution, with

•which the Corps should be credited when a comparison is made between the value of

their services and the compensation they have received. Some of the maps and other

illustrations of this volume are already engraved, so that the cost of its publication

will be something less than that of either of its predecessors ; in other words, from

seventy-five cents to one dollar a copy, according to the size of the edition published.

A large amount of new palseontological material has been gathered during the last

year, which, with that crowded out of previous reports by the necessary limitation of

space and expense, would, if fully described, go far toward forming a third volume

on Palaeontology ; but no such volume has been had in contemplation, and it may

very well remain as a subject for farther legislation, when the financial condition of

-the country shall better justify the expenditure of the money necessary for its pub-

lication.

As the value of the palseontological portion of our.report is still underestimated in

some quarters, it may not be out of place to repeat here what has been said on this

•subjectin some of our former reports, viz., that the fossils found in our rocks are not

mere objects for idle curiosity, but are of the highest practical importance, since

(they, in fact, constitute the only reliable guides in the study of our sedimentary

rocks. The whole system of classification in modern geology is based upon them, and

it is not too much to say that no man can be a good geologist who has not consider-

able familiarity with them. Figures and descriptions of the characteristic fossils of

our formations will, therefore, prove of great utility to our students and teachers of

geology; and it is, indeed, difficult to see how they can make much progress in the

study of the geology of the districts in which they live without the assistance they

afford. It is also true that the wealth and power of any community consist quite as

much in the ideas in their heads as the dollars in their pockets ; and it is even prob-

able that the revelations which have been made through the Geological Survey, of

the strange and varied extinct forms of life with which our rocks are crowded, will
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prove a source of as much pleasure and profit to our people as the facts that have

been gathered in regard to the mineral resources of the State. In the geological sur-

veys which have been organized by the most enlightened communities of our own

and other countries, the fossils found have uniformly been the subjects of careful

study and profuse illustration. This has not been the result of a vain craving for

notoriety on the part of the palaeontologists, but has been a response to a demand

created by an interest in such subjects which pervades every cultivated population.

That such an interest exists among our own people is shown by the avidity with

which our palseontological reports have been sought, and by the value attached to

them by those who possess them.

In the plan proposed for the Final Report of the geological Survey, in addition to

the reports on Geology and Pateontology, it was suggested that there should be one

volume devoted to Economic Geology, and another to Zoology, Botany, and Agricul-

ture. Of these volumes, the first was intended to include an exhaustive and accurate

review of all our mineral staples—coal, iron, peat, clay, salt, oil, building material,

etc.—both as' regards their geology and technology. A large amount of labor has

been expended in the preparation of this volume, and it may be said to be more than

half done. But the investigations of which this report was to embody the resulte

had not been finished when, in February, 1874, the appropriations for the field and

office work of the Survey were exhausted. An attempt has been made in the prepara-

tion of this volume to determine the quality, uses, and best methods of manufacture

of our mineral staples, not only by means of the ordinary chemical analyses, but by

carefully gathering the results of all the trials to which they have been subjected in

real life, and by original experiments made with an amount of material and under

such conditions as would afford a practical and "working" test of each. For the

completion of this volume six months' time and an expenditure of $4,000 to $5,000

would be necessary.

The volume on Zoology and Botany has been nearly completed, and at a very small

expense to the State. The Botanical report was prepared by Dr. C. H. Beardsley, of

Painesville, who has given a large part of two seasons to it, with no other compensa-

"

tion than his expenses.

Dr. J. M. Wheaton, of Columbus, has charged himself with the preparation of the

report on Birds. This is nearly or quite ready for publication, and is very full and

accurate. In the execution of his work Dr. Wheaton has received no other compen-

sation than the payment of his expenses in visiting the museums at Washington,

Philadelphia, and other eastern cities, where he had an opportunity of comparing his

material with all that collected in other portions of our country.
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The reports on Mammals, Fishes, Mollusks, and Insects are not yet completed, but

could be finished in a few months, with an expenditure of not more than $500.

For the preparation of the Geological Map specified in the act authorizing the Geo-

logical Survey, an expenditure of perhaps $1,500 would be necessary. This would be

consumed in making a review, in the field, of the ground gone over by the various

assistants on the Survey, in order to secure accuracy and consistency in the general

results, and also to put the facts gathered from all sources on paper in a creditable

style.

From the foregoing statements it will be seen that

—

1st. The field work of the Geological Survey is all done,

2d. Reports have been prepared on the physical geography and general geological

structure of the State ; also upon each of the eighty-eight counties into which the

State is divided, and upon the principal fossil forms found in our rocks.

3d. Of these reports—in addition to three reports of progress (1869, 1870, and

1871)—two volumes on Geology, two on Palaeontology, and two portfolios of maps and

charts have been already published.

4th. Of the complete series of the reports of the Survey, three volumes yet remain

to be published, viz., one on Geology (already completed), one on Economic Geology,

and another on Zoology, Botany, etc.—the two latter requiring some months of time

and an appropriation of $5,000 before they can be finished. As these three unpub-

lished volumes are without expensive illustrations, they can be issued in the same

style with the volumes on Geology, at a cost not exceeding one dollar per copy.

5th. A general Geological Map of the State, five by six feet in dimensions, can be

prepared at a cost not greater than $1,500.

A few additional facts in regard to the Geological Survey may be of general interest.

The survey began June 1, 1869," and it may be said to have continued to June 1, 1874,

although the salaries of the officers were paid only to February 15 of that year. The

total amount expended by the State on the Geological Survey has been $256,017.66,

of which sum $86,764.17 were expended on the survey proper, and $169,253.49 on

publication.

The publications of the Survey, including the volume now issued, consist of 116,000

volumes 8vo, in part re-published in German, containing numerous engraved plates,

maps and sections, and three portfolios of charts.

Although the aggregate cost of the Survey may seem to be large, it should be re-

membered that all the expenditure except that for field arid office work ($86,764.17)

was returned to the people of Ohio in books which cost far less than similar volumes

would be published for by private parties! As regards the practical benefits of the
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Survey, it would probably not be difficult to prove that tbe increase in the value of

property in a single township consequent upon the development of its coal mines—

a

development prompted and directed by the Geological Survey—has exceeded ten-fold

its entire cost. Yet the benefits which will follow an accurate knowledge of the

geological structure and mineral resources of the State have only just begun to be

felt, and they will continue to operate for centuries.

As compared with similar surveys made in other States, it is believed that it will

be difficult to point to any one which has been brought to a completion within as

short a time, and with so small an expenditure of money, and yet in which as much

and as good work has been done.

That the geology of the State is exhausted, that all desirable facts are gathered in

reference to our useful minerals, that no errors have been committed—none of these

things are claimed ; but it is asserted that an honest and energetic use was made of

the time and money expended on the Survey, and that its fruits will be worth much

more than their cost to the people of Ohio. An exhaustive survey of the State, -with

its area of 39,964 square miles, its varied geology, its innumerable fossils, and its great

and diversified mineral wealth, would require many years of time, and would cost

perhaps a million of dollars. The present Survey was originally limited in time to

three years, and though it was said by those who initiated it that it could not and

should not be finished in less than ten years, and it was continued by special enact-

ments more than a year and a half beyond the, term first prescribed,, the financial

condition of the country at the close of 1873 prompted the Legislature to instruct the

Geological Corps to bring the work to an end.

In these circumstances it has been impossible for the Geological Corps to accom-

plish all they had hoped to do in the^commencement of the Survey ; and if it should

be found that the reports of the Survey do not supply all the information desired on the

subjects of which they treat, it should be remembered that the work has been under

such restrictions of time and money that greater perfection was not attainable. In

view of all the embarrassments and uncertainties under which the Survey has been

carried on, it may be a matter of congratulation to all who have been interested in

its progress that it has attained the degree of symmetry and completeness it now

presents, and that in the scale of expenditure and measure of detail adopted it has

been brought so nearly to a successful close.
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CHAPTER XXX.

SURFACE GEOLOGY.

In Ohio we have no geological formations intervening between the

Carboniferous and the Quaternary, and have, therefore, no representa-

tives of the Permian, Triassic, Cretaceous, or Tertiary systems. The
reason of this is simply, that about the close of the Carboniferous age

the Alleghany Mountains were raised, carrying up all the area lying

between the Mississippi and the Atlantic; Prom that time to the Qua-

ternary no part of this region, with the exception of the southern mar-

gin, was ever submerged, and, therefore, no deposits were made on it

during the ages I have enumerated. West of the Mississippi the land

has been often and long below the ocean level since the epoch of the

Coal Measures, and there all the newer formations are well represented.

The materials which accumulated during the Quaternary are beds of

clay, sand, gravel, and bowlders, which have received the name of Drift,

because they are generally foreign to the localities where they are found,

and have been transported (drifted) sometimes hundreds of miles from

their places of origin.

The Drift phenomena of Ohio constitute a marked feature in its geol-

ogy ; one, indeed, more apparent and conspicuous to the superficial ob-

server than any other, inasmuch as the Drift deposits cover nearly all

parts of the State, and frequently conceal the underlying rocks so as

to completely mask the fundamental geological structure. Perhaps no
other State has so complete a series of these deposits, or a more legible

record of the remarkable sequence of events which gave character to this

chapter in geological history. The Quaternary system deserves, there-

fore, and will receive in this report, as full and thorough an exposition

as our limitation of space will permit. Dike most of the formations
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enumerated in the preceding chapters, the Quaternary has already been

briefly discussed ; but while the other groups are so simple that a few

words may suffice to convey a clear idea of them, or at least of the new
things we have learned about them, the Drift phenomena are too com*

plicated, too little understood, and too interesting to be so summarily
dismissed. It is true, also, that the causes that produced such marked
effects in Ohio during the Quaternary age, covered in their action a

much wider field than any one state or county ; and for a proper under-

standing of the facts observed here, it is necessary that the record made
elsewhere should be consulted. Although the last formed of all the geo-

logical series, and for this reason presenting the fullest and freshest

record, the deposits of the Quaternary age have been the most difficult

of all to decipher. The significance of facts observed in one locality be-

comes apparent only by comparing them with those seen in other and
distant places ; and it is by this process alone that any intelligent idea

has been gained of the remarkable sequence of events which took place

in the Quaternary age. I have, therefore, thought it best to include in

this sketch of the Drift of Ohio brief notices of the observations made
on similar phenomena outside of our State limits, and such as constitute

the basis of the theories which have been proposed for the solution of

the problems of the Quaternary. We shall thus be able to estimate

more justly the import of our observations, and shall see how far they

confirm or controvert the views that have been heretofore advanced.

The most important facts which the study of the Drift has brought to

light are, briefly, as follows

:

. 1st. Over the northern half of North Amercia, and down as low as the

fortieth parallel of latitude, we find, not every where, but in most localities

where the nature of the underlying rocks is such as to retain inscrip-

tions made upon them, the upper surface of these rocks ground or planed

off, or furrowed and striated in a peculiar and striking manner, evidently

by the action of one great denuding agent. It is now agreed by all

geologists that this agent was ice. There has been some difference of

opinion as fo whether this ice rested upon land, or floated upon water

in other words, whether it formed glaciers or icebergs ; but no one who
has seen glaciers, and has observed the effect they produce on the rocks

over which they move, and who examines good exposures of the mark-

ings to which I have reference, will fail to pronounce them the products

• of glacial action. The track of a glacier is as unmistakable as that of a

man or a bear, and is as significant and. trustworthy as any other legible

-inscription.

Though having a general north andsouth direction, locally the glacial
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scratches have very different bearings, conforming in a rude way to the

present topography, and following the directions of the great lines of

drainage. In Canada, and in our Eastern and Middle States, these ice-

marks are universal. In the Mississippi valley, on certain uplands, like

those of the Wisconsin lead-region, no glacial furrows have been discov-

ered; but on most of the highlands, and in all the lowlands, lake-basins,

and great valleys, they are distinctly discernible down to the limits

specified, if the underlying rock has been such as to retain them.

2d. Some of the valleys and channels which bear the marks of glacial

action—evidently formed by ice, and dating from the ice period, or an
earlier epoch—are excavated far below the present lakes and water-

courses which occupy them. These valleys seem to form connected lines

of drainage at a lower level than the present river systems, and in part

lower than the present sea level ; such, indeed, as could not now be pro-

duced without a continental elevation of several hundred feet,. The evi-

dence on which this assertion is based will be cited farther on.

3d. Upon the glaciated surface we find a series of unconsolidated

materials, generally stratified, called Drift deposits. Of these, the first

and lowest, though not always present, is a tough, blue, unstratified

clay, generally thickly set with small stones; more rarely containing

those of larger size, ground and scratched. From this character it is

•called the bowlder clay. In the Eastern States, and near outcrops of

crystalline rocks, sheets or heaps of gravel and bowlders are frequently

found resting upon the glaciated surface.

4th. In certain localities the pebbly "hard-pan," or bowlder clay, is

overlaid by a greater or less thickness of fine, laminated clay, without

pebbles. This laminated clay corresponds closely with the " Saugeen

clay " of Sir William Logan, but it shades into the bowlder clay below

in such a way that it is impossible to draw any distinctly marked line

between them. Both the laminated and pebbly clays are, therefore, re.

garded as parts of one formation, and the name Erie clay is retained

for that, since it was coined by Sir William. Logan to designate its

exact equivalent on the north shore of Lake Erie.

5th. On the surface of the clays I have mentioned there is found, over

a large area in Ohio and other Western States, a layer of carbonaceous

matter, with logs and stumps, and sometimes upright trees. This car-

bonaceous layer I have termed the Forest Bed, since it is apparently an
ancient soil which sustained a growth of vegetation that covered a large

part of the area previously occupied by the ice-sheet. In some parts of

southern Ohio this horizon is marked by deposits of peat.now deeply

buried under the later-formed deposits of the Drift. The remains of the
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elephant, mastodon, and giant beaver are found in and above the Forest

Bed, but nowhere yet below it.

6th. Above the old soil which has been described we find a series of

stratified deposits, sometimes of considerable thickness, evidently the

product of a submergence by which a large land area was deeply buried

beneath a mass of transported material. In southern Ohio these later

Drift deposits consist of white, laminated brick-clay, yellow and blue

clays, the latter containing bowlders, and sometimes heavy beds of gravel

and sand. In the northern counties of Ohio the upper strata of the Drift,

and the equivalents of those last mentioned, are laminated, usually some-

what sandy clays, and locally beds of sand and gravel, which, from the

fact that they have been washed down from the watershed, and have

been transported by the draining streams, have been sometimes referred

to as the Delta sand, deposit. In western Ohio, Indiana, Illinois, etc., the

uppermost stratum of the Drift is called the Loess or Bluff formation. All

the deposits enumerated in this note are the products of the last sub-

mergence, and I have termed them the Lacustrine Drift. They will be

described in detail in another place.

7th. Upon the clays, sands, gravels, etc., last mentioned are scattered

bowlders and blocks of all sizes of granite, greenstone, silicious and

mica slates, etc., etc., generally traceable to some locality in the Eozoic

area north of the lakes. Among these have been found many masses of

native copper, which were plainly derived from the copper district of

Lake Superior. These bowlders are found on nearly all the drift-covered

area of the State; being scattered over the summit of the watershed,

and reaching south nearly or quite to the Ohio. The margin of the

bowlder area seems to mark the outline of the great ice-sheet at the

period of its greatest development, but most of the bowlders strewed over

this area appear to have been deposited by another agency, at a much
later date. The greater part of them lie on or near the surface, and in

many instances they rest on beds of purely laminated clay, and hence

could never have reached their present positions through the agency

of glaciers or powerful currents of water. They must, therefore, have

been floated to their present resting places. The evidence is conclusive

that they were transported by icebergs, and hence I have called them

, the Iceberg Drift.

8th. The highlands of Ohio, as well as in Michigan, New York, Wis-

. consin, etc., are locally occupied by hills, ridges, and banks of well

rounded gravel and sand, with some bowlders which correspond closely

with the " Karnes " and " Eskers " of the Old-World Drift. These peculiar

,
accumulations of drifted material were- evidently produced by special and
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local causes, and do not hold a definite place in the sequence of Drift

phenomena, but much interest attaches to them, and they will be de-

scribed somewhat in detail in another part of this chapter.

9th. Above all the drift deposits of the lake basin, and more recent

than any of them, are the " Lake Ridges j" embankments of sand, gravel,

and clay, which run imperfectly parallel with the present margin of Lake

Erie. Of these the lowest is about 100 feet, the highest some 250 feet,

above the present level of the lake. In New York, Canada, Indiana,

and Michigan a similar series of ridges has been discovered on the slopes

of the basin of the great lakes ; and they have every where been accepted

as evidence that the water of the lakes once reached the level of the

highest ridge, and that the lower ones mark successive periods of rest in

its descent.

In the southern half of the Mississippi valley the evidences of glacial

action are entirely wanting, and there is nothing among the superficial

deposits corresponding to the wide-spread Drift of the north. We there

find, however, proofs of erosion on a stupendous scale—such as the valley

of East Tennessee, which has been formed by the washing out of all the

broken strata between the ridges of the Alleghanies and the massive

tables of the Cumberland Mountains, the canons of the Tennessee, 1600

feet deep, etc. Here, also, as in the lake-basin, the channels of excava-

tion pass below the deep and. quiet waters of the lower rivers, proving

by their depth that they must have been cut when the fall of these rivers

was much greater than now.

The history which I deduce from the facts cited above is briefly this :

1st. At a period probably synchronous with the glacial epoch of

Europe—at least corresponding to it in sequence of events—the northern

half of the continent of North America had an arctic climate ; so cold,

indeed, that wherever there was a copious precipitation of moisture from

oceanic evaporation, that moisture fell as snow; and this, when consoli-

dated, formed glaciers which flowed by various routes toward the sea.

These glaciers, in the approach and retirement of the period of greatest

cold, were local. During the prevalence of the extremest arctic condi-

tions they were general, so far as this, that a great ice-sheet moving

from the north north-west covered all New England, and other great

glaciers occupied the region east of the Mississippi and north of the Ohio.

2d. The courses of these ancient local glaciers correspond in a general

way with the present channels of drainage, and we owe tothem some ofthe

most striking features of the topography of the Western States, where the

geological structure is simple, and the topography was once exceedingly

monotonous. By local glaciers, flowing down from the Canadian high-



6 GEOLOGY OF OHIO.

lands on to the plain which bordered them toward the south and west,

all the basins of our great lakes were excavated ; the ice in each case

moving in the line of the major axis of the lake, from the north and east

toward the south and west.

3d. At the commencement of this ice period this continent must have

stood several hundred feet higher than now. This is proved by the great

system of buried river channels, and by the deeply excavated troughs of

the Hudson, Mississippi, Columbia, the Golden Gate, etc., etc., which

could never have been cut by the streams that now occupy them, unless

when flowing with greater rapidity and at a lower level than they now do.

4th. The ice period—the period of the greatest cold and of the most

extensive glaciers, also a period of continental elevation and of active

erosion—was followed by a water period, a period of ameliorating climate,

of retreating glaciers, of subsidence, and of deposition. In the culminat-

ing epoch of this period the climate was much warmer than before, the con-

tinent was depressed 500 feet or more below its present level, the glaciers

had retreated northward, and were replaced in the basin of the great lakes

by an inland sea of fresh water. The first deposit of this period was that

of the bowlder clay. This represents the fine material excavated and

ground up by the glacier. It is most abundant where glaciers move over

soft sedimentary rock, such as shale and limestone, and as such rocks

filled most of the great excavated basin north of Ohio, the bowlder clay

is naturally the most conspicuous of our Drift deposits. In New England

and other countries where granite and other hard and silicious meta-

morphic rocks abound, the product of glacial erosion is sand, gravel, and

bowlders. As the great ice-sheet retreated northward it thrust out and

left behind it a succession of heaps of bowlder clay, which now form a

nearly continuous sheet over the glaciated surface.

5th. When the retreating ice-sheet had passed the great watershed of

Ohio, basins of water began to form along its margin, and in these the

finer portion of the flour ground by it, for a time suspended, was ulti-

timately deposited as the laminated clays, which succeed the bowlder

clay, and form the upper subdivision of the Erie clay. This, in Ohio, is

usually stratified in thin leaves, or lamellse, and contains no bowlders.

6th. After the retreat of the ice- sheet from Ohio, Indiana, and Illinois,

a considerable portion of the surface, it had occupied and had left covered

with debris was overgrown with a forest, composed largely of coniferous

trees. This forest growth continued long enough to form a carbonaceous

soil, and in many places beds of peat many feet in thickness. In this

peat the remains of the mammoth, mastodon, and the giant beaver have

been found, -and we thus learn that they inhabited the forests which
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slowly followed and occupied the place of the retreating glacier to the

rim of the lake basin, beyond which extensive bodies of water and ice

prevented their advance northward.

7th. When the forest growth had spread over most of the Drift area

south of the lakes, and had occupied it for hundreds and perhaps thous-

ands of years, a submergence of the continent took place, which brought

the waters of the Gulf of Mexico up the valley of the Mississippi until this

formed an arm of the sea, which reached and covered all the lower half

of our State. In this submergence the clays, sand, and gravel overlying

the peat beds in southern Ohio, the lacustrine clays of northern Ohio,

and finally the Loess of the Mississippi valley were deposited. These

filled and obliterated many of the valleys of the Forest Bed era, as the

Erie clay had done those of the pre-glacial date.

8th.' During the submergence that covered the Forest Bed with clay,

sand, and gravel, icebergs floated from the Canadian highlands, bringing

with them gravel, bowlders, and blocks of granite, greenstone, mica

slate, silicious slate, etc., and scattered them broadcast over all the sub-

merged area. Some of these icebergs seem to have stranded at various

points on the northern slope of the watershed, especially near its sum-

mit, and, melting there, to have left large accumulations of bowlders and

gravel.

9th. In this last submergence, portions of the highlands of Ohio were

low islands and shallows, exposed to the full action of shore waves, by

which the drift accumulations were assorted, the clay washed out, the

gravel and bowlders well rounded, and many of the gravel hills and

sand banks (kames) of the summit of the watershed were produced.

10th. With the subsidence of the waters of the last submergence of

the Drift period, certain great waste-weirs, or lines of drainage, were es-

tablished in the gaps in the watershed, which ultimately separated the

river systems of the St. Lawrence and the Ohio. Through these waste-

weirs strong currents of water poured, which transported and deposited

vast quantities of gravel and bowlders in certain lines or belts leading

to the Ohio valley. These great drainage lines were through the valleys

of the Wabash, Miami, Scioto, Muskingum, and the Beaver.

11th. The retirement of the sea at the close of the Drift period took

place very gradually, with intervals of rest and recession. In these in-

tervals the terraces of our river valleys were formed, by the arrest of their

flow and the deposition of the materials they transported in the dead

water which partially filled these valleys. Hence this is denominated

the Terrace epoch, the last chapter in the Drift history.

12th. The Ohio valley was nearly emptied, while the lake-basin was
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yet filled with water. This water drained off gradually through various

outlets opened by the removal of the great ice-dam formed by the re-

treating glaciers, by the cutting away of barriers, or the warping of the

earth's crust. The older outlets in Ohio have been enumerated. There

are others which lead from L#ke Michigan to the Mississippi. The de-

scent of the water level in the lake-basins took place very slowly, and

it remained for long intervals stationary at various points. These are

distinctly marked by old shore lines which traverse the slopes that sur-

round all the lakes. Along these shore lines we now find terraces where

the shore was abrupt and hard ; lake-ridges, where it was sloping, and

composed of soft material.

In the Old World distinct traces are found of a return of arctic condi-

tions after the first great glaciers had melted away, and a milder climate

had supervened. In* this country we have not yet detected any certain

proof of the return of the glaciers to the area which they had before

occupied and abandoned, although in southern Ohio the sheet of pebbly

clay which overlies the Forest Bed seems to indicate a return in that

region of something like the condition in which the first bowlder clay

was deposited. Before this point in our Drift history can be considered

as settled, many additional and careful observations will need to be

made.

The preceding synopsis of the phenomena and history of the Drift has

been made as brief and concise as possible, in order that the whole sub-

ject might be considered at one view, and thus the relations of its parts

be made more apparent than would be otherwise possible. A fuller pre-

sentation of the facts, and of the deductions drawn from them, will be

found grouped under different heads on the succeeding pages.

GLACIATED AEEA IN OHIO.

The area over which glacial scratches and grooves occur is, for several

reasons, not so well defined as that of the distribution of the Drift. In

many of the rock exposures more or less decomposition and atmospheric

erosion have taken place, and the traces of glaciers have been removed,

Where they once undoubtedly existed;' and also over much the largest

part of the territory once occupied by an ice-sheet, the Drift deposits

cover and conceal the surface of the rock. The number of localities

where glacial scratches are visible is, however, so great that we can

trace with a good degree of certainty the reach of the ancient glaciers

by the inscriptions which they have themselves made. From these we

learn that the space covered with ,ice-marks coincides in a general way

with that covered by the Drift deposits. The coincidence is not, how-
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ever, entire, as will be shown hereafter, for other agents have been in

action since the melting away of the glaciers, to distribute still further

the materials which they ground up and transported. It may be said in

a general way, that the glacial scratches are found over all but the south-

eastern third of the State of Ohio ; the limiting line running along the

north side of Columbiana county, thence through the center of Stark,

crossing the co*ner of Wayne, and passing diagonally through Holmes,

Knox, Licking, Fairfield, Pickaway, and Ross ; thence westerly through

the northern part of Highland, Clermont, and Hamilton, into Indiana.

North and west of this line glacial marks may be detected in nearly

every county. A great number of observations have been made upon

the bearing of the glacial strise by Col. Whittlesey, the members of

the Geological Corps, and others. From these it appears that they con-

stitute two systems, one of which belongs to the highlands of the water-

shed and the glaciated area south of this, of which the prevailing direc-

tion is S. 20° to 30° E., or, more accurately, from N. to S. 45° E. In some

exceptional cases there is locally a marked deviation from the normal

bearing of this system, as will be seen by reference to the map of the

north-eastern counties, prepared by M. C. Read, and given below. We
may, however, refer all these deviations to the influence of local topog-

raphy, and the general bearing of the ice-marks is such as to show a

connected ice-sheet, of which the motion was from N.. 20° to 30° W., to

S. 20° to 30° E. That this movement of the ice was from the north

southward, is demonstrated by the transportation of northern rocks into

and through our State, and of blocks and fragments of indigenous rocks

southward of their points of outcrop.

The second system of grooves is confined to the lake-basin and the

north-western counties of the State. The direction of these grooves

—

which are remarkably deep and continuous—will be seen from the sub-

joined table:

DIRECTION OF GROOVES.

LOCAUTY.

Put-in-Bay Island (Newberry) ...

" " intersecting series

Kelley's Island (Newberry)

Sandusky City

BeUville, Sandusky county "

Genoa, Ottawa county (Gilbert)

Book.

Waterlime ,

Co'rniferous limestone..

Waterlime

.

and Niagara.

Numbek Ob-
servations.

20
1

12
1

4
2
1

1

1

2

Beaeing.

S. 80° W.
S. 15° W.
S. 80° W.
S. 60° W.

78° W.
80° "W.
81° W.
75° "W.

S. 65° W.
S. 65° W.

S

s.
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Direction of Grooves—Continued.

IiOCAIJTY. BOCK. NUMBER OB-
SEBVATIONS.

Bearing.

West Sister Island (Gilbert)...
" " intersecting series

Sylvania, Lucas county (Gilbert)...

Monclova, Lucas county "

Wbitehouse "
Defiance, Defiance county "

Junction, Paulding county "

Lima, Allen county "
Middlepoint, Van Wert co.

"

Findlay.Hancock county(Winchell)
tt a it tt

Waterlime Many.
1

5
4
1
1

3

3
2
1

2
1

1

1

1

1

1

1

1

1

1

1

1

1

3
2

S. 80° W.
it

S.

Corniferous limestone...
Waterlime

S. 50° W.
S. 62° W.

Corniferous limestone...
Huron shale

S. 50° W.
s. w.

Corniferous limestone . .

.

Waterlime
s. w.
8. 35° W.

it
S. 15° W.
S. 45° W.

tt
S. 40° W.

Blanchard, Putnam county "

Sugar Creek,Putnam county "

Auglaize, Putnam county "
Seneca, Seneca county "

" " intersecting

Amanda, Hancock county "

Crawford, Wyandot county "

Crane, Wyandot county "
Amanda, Allen county "
Marseilles,Wyandot county "

Grand Prairie, Marion co. "

Portage, Wood county "

Otsego, Wood county "
(4 tt " cc

Waterlime S. 28° W.
a

S. 50° W.
Corniferous limestone . .

.

S. 48° W.
S. 5°E.

tt
S. 23° W.
S. 32° W.
S. 20° W.

u
S. 5°W.

tt
S. 35° W.

tt it

a n

Corniferous limestone . .

.

S. 10° W.
a io° e.
N. S.

N. S.

S. 50° W.
Corniferous limestone . .

.

u tt

S. 68° W.
S. 60° W.

From these records it will be seen that in the trough of the present

Lake the prevailing direction of the glacial striae is 10° south of

west, and the movement, as demonstrated by the observations made

on Kelley's Island and Put-in-Bay Island by myself, on West Sister

Island and at Monclova .by Mr. G. K. Gilbert, was from the east west-

ward; and farther, that in the basin of the lake, but south-west of the

Lake itself, the movement of the glacier was deflected southward until

it became south-west. An interesting fact in this connection has been

noticed by Mr. Gilbert, Mr. Winchell, and myself, that in this portion of

the State a series of glacial marks, which have nearly a north and south

bearing, are obliterated by the stronger, fresher, and more numerous

grooves of which the bearing is nearly east and west. As I have shown

elsewhere, the striae which cover the highlands and southern portions of

the State were probably made by the continental gracier which existed

during the period of greatest cold, and which had in Ohio a movement
from the north toward the south or south-east ; while the glacier which

moved from the east westward in the lake basin was a local glacier of
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later date, and the one by which the excavation of the lake basin was
principally effected.

Map showing directions of glacial striae along the margin of the highlands

in Northeastern Ohio.

The broad ice-sheets which have existed outside of Ohio have left

their records in the nearly uniform and continuous glaciated surface

which covers so much of Canada, New England, New York, and the
States of the north-west. In nearly all parts of New England are traces

of an ancient ice-sheet which moved in a direction about south south-

east, and was of such thickness and magnitude as to override all the
features of the local topography, except Mt. "Washington. Hence the
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action of this agent was directly antagonistic to that of local glaciers.

That the New England ice-sheet was of great thickness is proved by the

continuity of the furrows made by it, up hill and down dale ; showing
that these irregularities of surface, though considerable, were slight

when compared" with the thickness of the ice.-mass above them. Mount
Washington serves as a kind of Nilometer to the glacier, and proves its

upper surface to have been 6,000 feet above the level of the sea ; in

other words, that the ice was 3,000 feet thick. Dana has estimated that

at its place of origin, on the watershed between the St. Lawrence and
Hudson's Bay, the thickness of the ice-sheet was 11,500 feet ; but there

is little doubt that the watershed was higher then than now, and hence

the thickness of the ice may have been less than estimated.

BURIED CHANNELS.

Intimately connected with the glacial markings, and in part produced

by the same cause, are the great number of deeply excavated, now
buried, channels, which have already been briefly noticed. Some of

these channels may have been, in part, formed long anterior to the ice

period, as all the area of the Eastern, Middle, and North-western States

has been a land surface, traversed by drainage lines, since the close of the

Carboniferous period. We may, therefore, conclude that many of our great

arteries of aqueous circulation have been in action all through the Meso-

zoic and Tertiary ages. My attention was first called to these ancient

water-courses by the facts brought to light in the borings for petroleum,

so actively prosecuted in the valleys of our western rivers in 1860-61.

In this enterprise I had both pecuniary and scientific interests, by

which I was led to visit all the centers of oil production in the country,

and in all I found some traces of deeply excavated, and now partially

filled, valleys and ravines, of which I could, at first, give no explanation.

When the observations made in different localities were combined, how-

ever, they revealed the existence of a connected system of drainage

lying at a lower level than that now in action, and one that could only

have been excavated in a long interval of time, and when the continent

stood at a much higher level than now. Some of the facts to which I

have referred, and the conclusions to which they led,"were given by the

writer in a paper on the Surface Geology of the Basin of the Great Lakes,

published in the Proceedings of the Boston Natural History Society,

May, 1862. In this paper these interesting phenomena were first brought

to the notice of American geologists. Since that time a fuller exposi-

tion of the subject has been presented in the Annals of the Lyceum of

Natural History, New York, June, 1869, and in the Report of Progress
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of the Geological Survey of Ohio for the same year. A summary of the

facts cited in these papers, with others observed since, is given below.

Lake Michigan, Lake Huron, Lake Erie, and Lake Ontario occupy

basins excavated by mechanical agencies in undisturbed and nearly

horizontal sedimentary rocks. Of these, Lake Michigan is 900 feet deep,

with a surface level of 578 feet above tide ; Lake Huron is 800 feet deep,

with a surface level of 574 feet ; L ake Erie is 284 feet deep, with a sur-

face level of 565 feet ; Lake Ontario is 450 feet deep, with a surface level

of 274 feet above the sea. An old, excavated, and now filled channel

connects the basins of Lake Huron and Lake Erie. At Detroit the rock

surface is 130 feet below the city. In the oil regions of Enniskillen and

Bothwell, on the opposite side of Detroit river, from 50 io 200 feet of

clay overlie the rock, where the land surface is but little above the level

of Lake Huron. What the greatest depth of this channel is, is un-

known.

A low, area over which no rock is found, apparently deeply underlaid

by gravel and sand, stretches across from Lake Superior, east of the

Grand Sable, to Lake Michigan. This probably marks the line of deep

channel once connecting the basins of these two lakes. (WinchelL)

An excavated trough runs northward from Lake Michigan to the north

line of Iroquois county, Illinois ; thence south-west through Cham-
paign county, beyond which point it has not been traced. Its western

margin is sharply marked at Chatsworth, Livingston county, where it

has a depth of 200 feet, and reaches to the Cincinnati group. Further

north its bounding walls are composed of Niagara limestone, and termi-

nate in buried cliffs on the Calumet and Kankakee rivers. At Bloom-

ington this trough has a depth of 230 feet, and it there contains one or

more strata of carbonaceous earth, supposed to represent ancient soils.

Where penetrated in other localities, the depth of this channel is from

75 to 200 feet.—(F. H. Bradley.) In the excavations for the piers of the

new bridge at St. Louis, rock was reached at a depth of 100 feet belqw

the surface of the stream, tin the margin of the old channel. Its central

depth has not been detemined. The Ohio throughout its entire course

runs in a valley which has been cut nowhere less than 150 feet below

the present level of the river. At the junction of the Anderson with

the Ohio, in Indiana, a well was sunk 94 feet below the level of the Ohio

before rock was found.—(Hamilton Smith.) In the valley of Millcreek,

in the suburbs of Cincinnati, gravel and sand were penetrated to the

depth of 120 feet below the stream before reaching rock. On the mar-

gin of the Ohio, at Cincinnati, gravel and sand have been found to ex-

tend to a depth of over 100 feet below low-water mark, and the bottom of
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the trough has not been reached. The falls of the Ohio, formed by a

rocky barrier across the stream, though at first sight seeming to disprove

the theory of a deep continuous channel, really affords no argument
against it ; for here, as in many other instances, the present river does

not follow accurately the line of the old channel, but runs along one

side of it. At the Louisville falls, the Ohio flows over a rocky point

which projects from the north side into the old valley, while the deep

channel passes on the south side, under the lowlands on which the city

of Louisville is built.

The tributaries of the Ohio exhibit the same phenomena. At New

'

Philadelphia, Tuscarawas county, the borings for salt wells show that

the Tuscarawas is running 175 feet above its ancient bed. The Beaver,

at the junction of the Mahoning and Chenango, is flowing 150 feet above

the bottom of its old trough, as is demonstrated by a large number of oil

wells bored in the vicinity. Oil creek is shown by the same proofs to

run from 75 to 100 feet above its old channel, and that channel had some-

times vertical and even overhanging walls.

An old channel of Mad river, now completely filled up, has been brought

to light by the railroad cutting at Springfield. It is described by Prof.

Orton in his report on Clarke county, and I here reproduce his notes upon
it, and the figure which illustrates them :

" An old valley of Mad rive? is disclosed in the heavy cut of the Atlantic and Great

Western Eailway, from the river bridge westward to Col. Peter Sinz's crossing. A
sketch of the course of the river, and also of the railroads that cross it, is appended,

by which the facts can be more readily understood. The tongue of land that occupies

this bend of the river has an elevation of 100 feet to 125 feet above the level of the

stream, and gives no hint in its contour of any break in the rocky floor underlying it.

The Sandusky railroad (C. S. & 0.), which was first in order of construction, cuts

across this tongue, as will be observed in the figure. A considerable portion of this

cut is wrought in solid cliff rock, the maximum depth of the stone cutting being 18

feet. With these facts before them, and guided also by the contour of the land, the

Atlantic and Great Western Company, whose line crosses the river half a mile higher

and on a grade of ten feet below the first road, expected also to find rock, and made
arrangements for tunneling the- hill. The route that they selected, however, chanced

to be a buried channel of the river, which allowed an open cut of 65 feet through clay

and san^, instead of a rock tunnel. Soundings that have since been made frpm the

track to the level of the river show Drift materials through this whole extent. The

dotted lines in the figure indicate the buried channel, whose general limits can be as-

signed with a good degree of accuracy from the cliffs that remain and the soundings

that have been made.
" It will be observed that the old channel was much shorter and more direct than

that which the river has since wrought out for itself, accomplishing in three-fourths

of a mile the same advance that is now gained by two and one-half miles."
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Buried Channel of Mad River, at Springfield,

/^x^ \ S^^\ fef-'t^zi-*
"-*"• ?.

*

3^\ /• ^

Horizontal Scale, 2 inches to 1 mile.

Vertical Scale, 1 inch to 200 feet.

The valleys of the rivers which run into Lake Erie have frequently

been bored for oil, and these explprations have revealed the fact that

some of these streams once flowed more than 200 feet below the level at

which they now enter the lake. For example : borings at Toledo show

that the old bed of the Maumee is at least 140 feet below its present sur-

face level. In the vailey of the Cuyahoga many borings have been made,

nearly all of which show a great depth of clay, sand, and gravel above

the rocky bottom of the valley. Of these, one, situated in the city of

Cleveland, passed through clay and sand to the depth of 238 feet before

reaching the rock. In this case the well head is about ten feet above the

lake-level. We, therefore, have evidence that at this point the rocky

bottom of the Cuyahoga lies 228 feet below the surface of the Lake. In
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another well, bored twenty miles above the mouth of the river, pipe was

driven through clay and sand to the depth of 220 feet; the well begin-

ning less than ten feet above the surface of the stream. In the valley of

Grand river, at Painesville, Gen. J. S. Casement drove a pipe 70 feet

below the level of the stream without reaching the rock. Rocky river,

seven miles west of Cleveland, runs in a trough which has rock bottom

and sides ; it therefore shows an exception to the general rule which has

Profile Section across the Cuyahoga Valley.

Ij:e"S7":e;i. oi1 Ii-A-kis bbib.

1. Conglomerate.

2. Cuyahoga shale.

3. Bereagrit.

4. Bedford shale.

5. Cleveland shale.

6*. Erie shale.

7. Old Flood plain.

8. Erie clay in old valley.

been indicated; but a little west of the present mouth of Rocky river we

find its ancient channel, now filled with clay, which extends to an un-

known depth below the lake-level. Two miles above its mouth, Rocky

river breaks into this old channel, and one of its banks is composed of

clay, the other of rock. From this and similar instances we learn that

the old channels of rivers were sometimes filled to the brim by subse-

quent submergence, and whpn, ages after, these lines of drainage were

re-established, new channels were formed, which have since heen cut, in

. some cases, to the depth of 100 feet in solid rock. •

In parts of our country outside of Ohio, and in Europe, buried river

channels, similar to those I have described, have frequently been met

with. The filled-up channel of the Genessee at Portage, described by

Prof. Hall in the Geology of the Fourth District of New York, pre-

sents a case resembling that of Rocky river, just cited. Onondaga lake

lies in an old excavated channel mainly filled with gravel, sand, etc/

This channel is cut through the Onondaga salt-group, and the Salina

salt wells are bored in it.. The deepest of these 'extends 414 feet below

the surface level of the lake, i. e. 50 feet below the sea level, and it is not

certain that rock was reached in this.—(Geddes Trans. N. Y. State Agri-

cultural Society, 1859.) The long level of the Erie canal between Utica

and Rome lies in the old, partially filled valley of the Mohawk, in which

the rocky bottom is far below the surface—how far is not known, as it



SURFACE GEOLOGY. 17

has never been reached. The trough of the Hudson is deeply silted up,

as we know by the explorations made at Jersey City and in the East

river. The channel of this stream, as has been shown by Dana, can be

traced on the sea bottom eighty miles south and east of New York, where

it once discharged itself at the true margin of the continent, 600 feet

below the present level of its moUth. The peculiar character exhibited

by the present outlets of the Delaware, the Potomac, and James rivers

indicates that they also, like the Hudson, once entered the Atlantic much
farther east than now, and that their old mouths are completely buried

and obliterated.

The lower Mississippi bears unmistakable evidence of being—if one

may .be permitted the paradox—a half-drowned river ; that is, its old

channel is deeply submerged and silted up, so that the "father of

waters," lifted above the walls that formerly restrained him, now wan-

ders lawless and ungovernable whither he will in the broad valley.

The thickness of the delta deposits at New Orleans is variously re-

ported from 1,500 feet upwards, the discrepancies being due to the diffi-

culty of distinguishing the alluvial clays from those of the underlying

cretaceous and tertiary formations. It is certain, however, that the bot-

tom of the ancient channel of the Mississippi has never been reached

between New Orleans and Cairo ; the instances cited by Humphreys and

Abbot in their splendid study of this river being but repetitions of the

phenomena exhibited at the falls of the Ohio—the river running over

one side of its ancient bed.

The trough of the Mississippi is not due to synclinal structure in the

underlying rocks, but is a valley of erosion simply. Ever since the ele-

vation of the Alleghanies—i. e., the close of the Carboniferous period—it

has been traversed by a river which drained the area from which flow

the upper Mississippi, the Ohio, the Tennessee, etc. Since the Miocene

period, the Missouri, Arkansas, and Red rivers have made their contri-

butions to the flood that poured through it. The depth to which this

channelis cut in the rock proves that at times the river must must have

flowed at a lower level and with a more rapid current than now ; while

the Tertiary beds formed as high as Iowa and Indiana in this trough,

and the more modern Drift clays and bowlders which partially fill the

old rock cuttings, show that the mouth and delta of the river have, in

the alternations of continental elevation, traveled up and down the trough

at least a thousand miles ; and that not only is it true, as asserted by
Ellet, that every mile between Cairo and New Orleans once held the

river's mouth, but that in the several advances and recessions of the

waters of the Gulf the mouth has been more than twice at each point.

2
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The change of place of the delta was caused, however, for the most part,

by oscillation of the sea level* and not, as Ellet supposed, by the simple

filling of the channel with the materials transported by the river itself

without change of bed.

Prof. E. W. Hilgard, in his interesting report to Gen. A. A. Humphreys
on the Mississippi delta, states that he found true northern Drift 354 feet

below the surface in Calcasieu district, Louisiana ; and he cites evidence

that, during the early part of the Drift period, the country about the

mouth of the Mississippi_was at least 600 feet higher than now. During

the subsequent period of submergence it was, as he states, much lower

than at present. It will be noticed that these facts accord precisely with

those observed in the upper Mississippi valley and lake-basin, where, in

the period of excavation of the buried channels, the country must have

been high, and the drainage free. Afterward a great submergence oc-

curred, which has left its indubitable records in the stratified Drift over-

lying the Forest Bed and in the Loess. The locality where Prof. Hilgard

found northern Drift in Louisiana was undoubtedly in, though not in the

bottom of the old trough of the Mississippi, as I have noted elsewhere.

I regard this as valley Drift, swept down the Mississippi from its northern

watershed, when the continent was higher, and its current more rapid

than now.

On the west coast of North America evidence of a subsidence of the

continent is afforded by the deeply excavated and partially silted-up

channels of the Golden Gate, the straits of Carquinez, the trough of the

lower Columbia, the Canal de Haro, Hood's Canal, Puget Sound, and all

the net-work of channels in that vicinity. As Dana first pointed out,

years ago, the systems of inlets or fiords on both sides of our continent

—

channels which must have been excavated by subserial erosion—afford

additional proof of modern continental subsidence.

The importance of a knowledge of these old channels in the improve-

ment of the navigation of our larger rivers is obvious, and it is possible

that it would have led to the adoption of other means than a rock canal

for passing the Louisville falls, had it been possessed by those concerned

in the enterprise.

I ventured to predict to General Warren that an old, filled-up channel

would be found passing around the Mississippi rapids, and his examina-

tions have confirmed the prophecy. I will venture still further, and

predict the discovery of buried channels of communication between

Lake Superior and Lake Michigan, probably somewhere near and east

of the Grand Sable, at least between the Pictured Rocks and the St.
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Mary's river—between Lake Erie and Lake Ontario*, through Canada

—

between Lake Ontario and the Hudson by the valley of the Mohawk

—

•between Lake Michigan and the Mississippi, somewhere along the line

I have indicated before.

The channel of the lower Tennessee must have been excavated when

the southern portion of the Mississippi valley was higher above the Gulf

level than now, and Prof. Hilgard has shown that at a subsequent period,

probably during the Champlain epoch, the Gulf coast was depressed 500

feet below its present relative level. This depression must have made

the lower Mississippi an arm of the sea, by which the flow of- the Ohio

and Tennessee was arrested, their channels filled up, terraces formed, etc.

If the upper Tennessee has, as appears, a channel lower than the Muscle

Shoals, it must be somewhere connected with the deep channel of the

lower river.

It should be said, however, that it by no means follows that when an

old earth-filled channel passes around the rocky barrier by which the

navigation of our rivers is impeded, it will be most convenient and eco-

nomical to follow it in ma,king a canal to pass the obstacle ; as the course

of the old channel may be so long and circuitous that a short rock cutting

is cheaper and better. The question is, however, of sufficient impor-

tance to deserve investigation before millions of dollars are expended in

rock excavation.

If it is true that our great lakes can be connected with each other and

with the ocean by ship-canals—in making which, no elevated summits

nor rock barriers need be cut through—the future commerce created by

the great population and immense resources of the basin of the Great

Lakes may require their construction.

THE DRIFT DEPOSITS OP OHIO.

The area over which the Drift is spread in Ohio corresponds in a gen-

eral way with the area of glaciation, but through the influence of ice-

* When the water in the lake-hasin had subsided to near its present level—the old

avenues of escape being all silted up by the Drift clays and sands—the surplus made

its exit by the line of lowest levels, wherever that chanced to run. That happened

to lie over the rocky point that projected from the northern extremity of the Alle-

ghanies into the lake-baBin, and the line of drainage was established there, in what

is now known as the Niagara river.

Though among the most recent of the events recorded in our surface geology, this

choice of the Niagara outlet by the lake waters was made so long ago that all the

erosion of the gorge below the falls has been accomplished since. The excavation of

the basin into which the Niagara flows—the basin o{ Lake Ontario, of which Queens-

town Heights form part of the margin—belongs to an epoch long anterior.
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bergs, which in the last great submergence seem to have carried their

freight, in some instances.lbeyond the points reached by the glaciers, and
especially by the action of local currents of water which flowed down
through certain great lines of drainage, the Drift materials have been
borne far beyond the line I have indicated as bounding the erosive action

of the ice-sheet. In the valleys of the Beaver, the Muskingum, the

Hocking, Scioto, and Miami, we find vast accumulations of Drift, which
are, however, confined, in the lower part of these valleys, to the immedi-

ate vicinity of the stream. Here they form terraces which rise sometimes

a hundred feet above the present stream beds, and they undoubtedly filled

the old deeply excavated channels through which these streams once

flowed at a much lower level than now. In the valley of the Ohio itself,

also, we find similar accumulations of Drift, composing the terraces so

noticeable to one who passes up or down the river, and also filling the

old rock channel to the depth of from 100 to 200 'feet. The terrace on

which the city of Cincinnati stands, and which has an altitude of 100 to

120 feet above low-water mark, will serye as a good example of the gravel

terraces to which I have referred. In all the valleys enumerated above,

the Drift material has evidently been washed down from the highlands

of the interior of the State, where the Drift deposits are continuous and

of considerable thickness. Hence it is more properly termed Modified

Drift, or Valley Drift. By the action of the streams which transported

it, the valley Drift was assorted and rearranged, and exhibits no record of

the series of important changes of which the history is written in the

sequence of Drift deposits where these remain undisturbed. Yery natu-

rally,"the swift-flowing streams which have carried the Drift so far

from their original place of deposition have washed out all the finest

material, and have deposited this far beyond the limits of our State.

"We therefore find but little clay in the valley Drift. It is composed

mainly of gravel and bowlders, with more or less sand, and the materials

are all rounded, as they would necessarily be, from the attrition to which

they have been subjected. They also exhibit an interesting gradation

of fineness as we follow these streams down toward their mouths. In the

valley of the Ohio, at Louisville, the Drift material found in and along

the river bed is all fine, and bowlders of sufficient size to form cobble-

stone pavement are comparatively rare. Many of these are composed

of granite, greenstone, quartzite, etc., which have been brought from

•beyond the lakes, and only the hardest and toughest of these meta-

morphie rocks have resisted the wear to which they have been subjected

in their long journey. At Cincinnati the valley Drift is sensibly coarser

than at Louisville, though still fine, as compared with that which is found
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further up the Ohio valley or in the beds of the tributary streams refer-

red to above. On the hills of the Coal Measures lying east of the Mus-

kingum (and Tuscarawas) and south of the glaciated and Drift area, no

bowlders or Drift deposits of any kind are found, and no Drift is discover-

able in any of the tributaries of the Ohio between the Pennsylvania line

and Marietta. The highlands in the angle between the Muskingum and

the Hocking are also free from Drift, and the same may be said of the

hills of the area inclosed by the valleys of the Hocking, Muskingum,
Scioto> and Ohio. West of the Scioto valley no Drift is found on the hills

bordering the Ohio, nor on the knobs which have been denominated the

Sun-Fish hills. The 'highest hills in Tuscarawas, Coshocton, Holmes,

Richland, and Knox come into the same category.
,

All the highlands enumerated in the above list seem to have been

beyond the reach both of the glaciers and the floods of the Drift period,

and here we find the soil formed by the decomposition of the underlying

rocks. Over all other portions of the surface of Ohio the Drift deposits

were once spread in an unbroken sheet.

The succession of these deposits and their most prominent character-

istics have been briefly noted in the earlier part of this chapter. They
will now be described somewhat more in detail, in order that the features

they present may be better understood, and that the history read from

them may be intelligently judged.

ERIE CLAY.

Over most of the glacial area in Ohio we find resting directly on the

planed and polished rock surfaces a sheet of variable thickness of blue or

gray clay. As it generally appears, this clay is unstratified, and is thickly

set with small pebbles or fragments of stone, and it also contains a few,

usually small, bowlders. Hence it may, with propriety, be denominated

a bowlder clay, and it closely corresponds in position and character with

the clay bed called by that name which covers so much of the glaciated

surface in other states and countries. Though generally exhibiting the

features that I have assigned to it, the clay bed under consideration does

not always present these characters, as it is sometimes rudely stratified

throughout, and in many localities the upper portion is very finely and

distinctly laminated and without pebbles. These phases of the deposit

shade into each other, however, in such a way that it .cannot well be

separated into distinct formations or strata. I have, therefore, consid*

ered it as one formation, and have distinguished its divisions simply as

the bowlder or. lower and the laminated or upper member, and have called

the whole the " Erie- clay," accepting the name .conferred by Sir William
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Logan upon the same formation where conspicuously exposed on the

north shore of Lake Erie.

The Erie clay immediately underlies the surface over a large part of

the northern half of the} State. This is especially true of the counties

included in the Western Reserve, and has given them the clay soil

which makes them the great dairy district of the West. In the north-

western portion of the State the Erie clay is very thick, frequently 100

feet, and continuous, but it is more generally covered with lacustrine

deposits than on the Reserve. In several of the north-western counties

it has been pierced by numerous wells, sunk to obtain water, and its

thickness and structure have been by this means very clearly revealed.

It is here found to have a thickness of 100 to 150 feet, to contain irregu-

lar sheets of sand, gravel, and bowlders, which are water-bearing, and

the source from which the artesian wells of this region are supplied with

their flow of water. It should also be said, that in this part of the State

the Erie clay contains more and larger bowlders than farther south.

These are, for the most part, fragments of crystalline rock, which have

come from the far north, with many others derived from the Silurian

and Devonian limestone, which outcrop in the lake region, north of

Ohio, but south and west of the Laurentian belt. Among the bowlders

contained in the Erie clay in this section, rolled masses of coal are not

unfrequently met with, and some of these, struck in boring, have given

rise to much hope of finding coal in the vicinity. It is hardly necessary

to say that such hopes will be fallacious, for this coal has und5ubtedly

come from the coal-field of Michigan. In the Maumee valley the upper

porti6n of the Erie clay is often laminated, and its color is yellow where

exposed to atmospheric action.

In the more easterly of the northern counties the.Erie clay is gener-

ally thickly set with small fragments of shale, evidently derived from

the Huron and Erie shales excavated to form the basin of Lake Erie. On
weathered surfaces these fragments are exposed in great numbers, and the

clay is rendered yellow or brown by the oxidation of its iron. In recent

sections this change of colors is found to follow down all cracks in the

clay as far as atmospheric water penetrates, and where such joints are

numerous it is divided into irregular blocks, of which the central por-

tion will be blue or gray, the exterior brown. The best development

of the Erie clay in the northern part of the State is found in the old

,valley of the Cuyahoga, which it fills from the bottom to a point some

60 feet above the lake-level, giving a total thickness of 280 feet. It

covers the highlands adjoining, however, rising to the height of 400 to

500 feet above the lake. It there has a thickness of from 10 to E0 feet.
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At Cleveland that portion of the Erie clay which lies above the river is

finely laminated and without pebbles or bowlders, but beneath the lake

surface, as shown by the excavation for the new tunnel, the clay is thickly

set with fragments of shale, and contains a few small bowlders. These

are composed of granite, greenstone, or crystalline limestone, brought

from the Canadian highlands, and are usually ground off and striated.

At the mouth of the old valley of Rocky river the bowlder clay rises to

the height of 50 feet above the lake, and the laminated clay of the

Cuyahoga valley is wanting. Twenty miles above the mouth of the

Cuyahoga the base of the Erie clay is distinctly shown. It is there a

remarkably tough, compact, gray hard-pan, wholly unstratified, and con-

taining many rounded and scratched bowlders. It rests upon a mass of

fine-grained sandstone, in layers of a foot or more in thickness. These

have been much broken up by the ice, and the under part of the clay is

thickly set with angular or partially rounded fragments. Where undis-

turbed, the ledge of sandstone bears the characteristic glacial marks.

Following the valley of the Cuyahoga from its mouth to the summit of

the watershed at Akron, we find the following section of Drift deposits,

which will show the relations of the Erie clay to the overlying members
of the Drift series :

No. 1. Gravel, sand, and bowlders, more or less stratified, and form-

ing hills resting on the Conglomerate, but from which the materials

have been' washed down, covering No. 2.

No. 2. Stratified sand and sandy clay ; the latter in many remark-

ably even and well-defined alternations, yellow, blue, and red in color.

Thickness, 30 to 100 feet.

No. 3. Finely laminated clay, without pebbles or bowlders ; as a gen-

eral rule, yellow where weathered, blue where its iron is protoxide. In

two instances striated bowlders of Cuyahoga shale, which forms the

rocky walls of the valley, were found imbedded in this laminated clay,

evidently dropped into the position they occupy. The greatest observed

thickness of this deposit is 90 feet.
'

No. 4. Pebbly Erie clay, penetrated by oil wells 228 feet to, rock bot-

tom of valley.

In the foregoing section, No. 1 represents a portion of the kames, or

sand and gravel series of the highlands ; No. 2, the lacustrine deposits of

the upper Drift ; No. 3, the laminated portion of the Erie clay ; and No. 4,

its pebbly aspect. The composition of the mass of Erie clay which fills

the Cuyahoga valley will be seen from the section given below, taken at

the well of the Standard Oil Company, in the city of Cleveland

:
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SECTION OF ERIE CLAY.

1. Delta sand, clay, and gravel 25 ft.

2. Laminated clay above lake level 75 ft.

3. Blue clay below lake level '. 75 ft.

4. Coarse sand 1 ft. 6 in.

5. Blueclay 27 ft.

6. Quicksand 10 in.

7. Blueclay 29 ft. 2 in.

8. Quieksand 1 ft. 6 in.

9. Blue clay 2 ft. 6 in.

10. Quicksand 1 ft. 6 in.

11. Blueclay , , , 30ft.

12. Fine, gravel 5 ft.

13. Blue clay...:. 29 ft.

14. Coarse gravel, with, much gas 3 ft.

15. Fine quicksand 1 ft.

16. Blue clay 5 ft.

17. Coarse gravel 2 ft. 6 in.

18. Clay to shale rock 8 ft. 6 in.

On the lake-shore, a mile distant from this locality, a carbonaceous

stratum, with many logs of coniferous trees, lies on the surface of the

Erie clay, and separates this from the Delta sand deposit, above.

An analysis made by Prof. Wormley of an air-dried specimen of the

laminated portion of the Erie clay from this locality gave the following

results

:

Water '. 4.00

Silicic acid 59.70.

Uumina 14.80'

ron, sesquioxide 4.60

ime, carbonate 8.90

j. ragnesia 5.14

Fixed alkalies- 3.40.

100.54

Along the summit of the watershed the Erie clay is less distinctly

shown than in most^other parts of the State. , Many patches of it

remain, however, and it would seem to have been once much more

widely spread than now. Prom this region it has unquestionably been

generally washed away by the- drainage from, the glacier when it filled

the lake-basin and terminated at its southern rim ; and subsequently,

when this rim was- a chain of islands, washed.—and in some instances

swept over—by the waves of our: great inland sea, the clay was still

further removed, and kames 'and sand, banks left in its. place. In the

southern portion of the glaciated area, the Erie clay is pretty con-
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stantly present, but it is less conspicuous than farther north, because it

is thinner, is more generally covered with later deposits, and has been

cut away along the great channels of drainage, through which the waters

of the lake-basin were drained into the Ohio. It is a somewhat singular

circumstance that the bowlder clay is more continuous in the counties

which lie along the margin of the Drift area, than nearer the divide

where the Drift deposits are thicker; probably for the reason that shore

waves and draining streams have been more general and powerful in

their action, and have removed the clay in the region where it is less

abundant. Throughout most of the southern counties of the State the

bowlder clay may be found in many exposures, forming the basal portion

and perhaps half the thickness of the upland drift. In the valleys it is

less constantly present. In the reports, of Prof. Orton, on Hamilton,

Clermont, Highland, Montgomery, and other counties, more detailed

descriptions of the Drift deposits of southern Ohio will be fbund than

can be given here. A type section, however, from Clermont county,

quoted from Prof. Orton's report, will serve to give a good general idea

of the relations of the bowlder clay to the other members of the Drift

series.

. SECTION OF DRIFT, SOUTHERN OHIO.
No. 1. Soil,

No. 2. Surface clays, generally white ; sometimes blackened by swampy
conditions, entirely free from gravel. 1 to 8 feet.

No. 3. Yellow clays, abounding with gravel, with occasional bowlders,

often constituting the surface instead of No. 2 ; seldom oyer... 10 feet.

No. 4. Forest soil ; a stratum of carbonaceous clay, containing vegetable

matter, with occasional beds of peat; in some districts re-

placed by bog iron ore ; 1 to 8 feet

No. 5. Blue bowlder clay, or hard-pan, with occasional layers of sand

intercalated, resting on the rocky floor 5 to 20 feet.

Prof. Orton thus describes the bowlder clay of this region :
" The

bowlder clay, or hard-pan, is found very generally, but not universally, in

the northern and central regions of Clermont county. It. is shown in

many of the natural sections that are furnished by the streams, and in

such artificial sections as are carried to sufficient depth. It is covered by

varying thicknesses of the remaining members of the series. Where
the total depth of the Drift beds reaches twenty feet, a full half of the

section generally belongs to the bowlder clay. It cannot.be confounded

with any other formation in the district in which it occurs. Ifr is

composed of dark-blue, fine-grained, and tenacious clay, holding pol-

ished and striated pebbles1 and' bowlders. Most of the pebbles are' de-

rived from the blue limestone formation, though frequent representatives
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of more distant rocks are found. Many fragments of blue limestone are

scratched and polished on their sides, but their edges are still unworn.

The bowlders belong almost without exception to the crystalline and

igneous rocks that are found in situ only to the north of the great lakes.

Specimens of northern ores—iron, copper, and lead—are sometimes,

though rarely, met with. The occurrence of gold in the bowlder clay,

and in the gravels derived from it, is a matter of considerable theoretical

interest, and seems never to have attracted the attention which it well

enough deserves."

Rolled fossils derived from the older rocks are not uncommon in the

Erie clay

—

Spirifer mucronatus from the Hamilton being the most abun-

dant. Except these, I have never discovered any organic remains in

the formation, though shells and timber are reported to have been found

in it. From the fact that it is a mass of glacial detritus, it seems almost

impossible that any shells could be contained in it, and I suspect that

all the cases of this kind reported are errors occasioned by confounding

the Erie clay with the overlying beds of later date. The buried timber

found at Cleveland lies distinctly above, and not in the Erie clay. The

piece of wood obtained by Mr. M. C.Read, referred to in the report on

Lake county, was a rolled fragment, and coniferous. It was thought

by Mr. Read to be buried in the Erie clay, but it was found near the

lake-shore, and may possibly have been deposited there by other agen-

cies than those which spread this formation.

Prom the fact that the Erie clay, with its bowlder and laminated divi-

sions, holds the same relation to the glaciated surface with the "bowlder "

and " Leda" clays of eastern Canada, and the " Champlain" and " glacial"

clays of the Atlantic coast, it has been regarded as their equivalent, in

time as well as place. The proof of identity is, however, yet wanting. The

bowlder and Leda clays of the St. Lawrence valley accumulated in a sub-

sidence of the eastern coast, in which the waters of the Atlantic followed

the retreating glaciers, covered and in part stratified the materials

ground up by them; and they contain marine shells of an arctic char^

acter. These clays' do not, however, reach far enough inland to connect

with the Erie clays of the lake-basins, and it is quite possible that they

were not exactly synchronous.

By Prof. Dawson the greater part of the markings which are usually

attributed to glaciers are supposed to have been produced by icebergs,

and it is his theory that, by a general subsidence of the continent, an

arctic current, carrying icebergs, flowed up the St. Lawrence valley

through the basins of the great lakes, accomplishing in great part the

erosion which has been effected there, and passing downward to, the
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Gulf by the valley of the Mississippi. The difficulties in the way of

this theory are such, however, that I am sure Prof. Dawson, clear-sighted

and conscientious as he is, would abandon it if he could examine with

his own eyes the surface geology of the lake-basin and the Mississippi

valley. Without going into a lengthy argument to disprove this view,

I will mention one or two facts which seem to me incompatible with it.

First. The basins of Lake Erie and Lake Ontario have unquestion-

ably been excavated by glaciers, and not by icebergs. The evidence of

this is conclusive. From my own observations on the erosive action of

glaciers in the Alps and in the Rocky Mountains and the Sierra Nevada,

I do not hesitate to assert that the inscription left on the bottom and

sides of Lake Erie was made by a glacier, and nothing else. The uni-

form, continuous, and exact furrowing of horizontal and vertical sur-

faces which is visible among the islands of Lake Erie, is the precise

counterpart of that which is executed by glaciers, and it certainly could

not have been done by floating ice.*

Second. A deep, broad ocean current flowing through the lake-basin

from the Gulf of St. Lawrence would certainly have brought marine

shells further than they have been traced by Prof. Dawson, and we
should now find them more or less abundantly throughout our Erie clay.

Third., We should find in our Drift deposits abundant representatives

of the rocks which form the shore of eastern Canada, Labrador, etc., but,

so far as I know, not a trace of any of these rocks has been discovered

in our Drift ; while, on the contrary, nearly all the constituents of the

Drift can be traced to places of origin in localities north and north-west

of Ohio. Some of these materials are so peculiar, such as the native

copper, and epidotic rock containing metallic copper, and this copper

including specks of silver, that there can be no possible mistake about

its derivation. The discovery of northern Drift in Louisiana has been

suggested as an argument in favor of this hypothesis, but it should be

remembered that this drift lies at the bottom of the entire Quaternary

* Probably no finer exhibition of glacial markings exists in the world than those

which cover the summits and slopes of the Cascade Mountains in Oregon. Here we
find, over hundreds of square miles, rocks of all kinds, planed, polished, and

grooved in the most surprising way. These markings lead from various centers, and

I have traced them down continuously 2,500 feet below the present snow line. Who-
ever goes there doubting the erosive power of glaciers, will come away doubting no

longer. And whoever comes from this scene of stupendous Alpine glaciation to the

glaciated rocks of Ohio, and especially of the islands in Lake Erie, will not hesitate

for a moment to attribute the inscriptions he finds here to the same agent that has

planed and scored the slopes of the Oregon mountains.
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series, that it is in fact valley Drift, such as was transported by the

Mississippi while the continent was several hundred feet higher than

now, and the river current swift enough to carry material from its head-

waters to the Gulf. The Champlaih epoch came long afterward, when
the Gulf coast was sunk one thousand feet lower than when the valley

Drift of Louisiana was deposited. In that submergence the valley of

the Mississippi was an arm of the sea. Still water then filled the val-

ley of the Ohio, and the upper Drift deposits of the Ohio valley were

laid down over not only the bowlder clay, but the Forest Bed that covered

it. If this submergence was synchronous with that of the Atlantic

coast, in which the Champlain clays- were deposited—a point not yet

established—then our representatives of the Champlain are the upper

Drift deposits of the Ohio valley, the Lacustrine clays of the lake-basin,

and the Loess of the Western States. Even if synchronous with the

marine Champlain clays, our Erie clays, where stratified, are fresh-

water deposits made in a different water-basin and at a higher level, as

some portions of our laminated Erie clay are found nearly one thousand

feet above the level of the sea.

MODE OF FORMATION OF THE ERIE CLAY.

As some misapprehension, as it has seemed to me, has prevailed in re-

gard to the manner in which the materials forming the Erie clay were

deposited, I venture to suggest a view of the mode of formation of this

member of the Drift series to which a careful study of the phenomena

it. presents has led me. As we learn from all observations on the erosive

action of glaciers, the materials excavated and comminuted by a glacier

are carried forward by it, and are thrust out at its extremity. If coarse,

they are left there, with whatever blocks it transports on its surface,

as a terminal moraine. If fine, they are more or less completely washed

away by the water draining from it. This finer material is what renders

all the streams flowing from a glacier " turbid, or milky." The character

of the material ground up and transported by a glacier, and the propor-

tion of fine to coarse material deposited by it, will vary with the nature

of the rock over which it passes, the freedom of the drainage from it, and

the presence or absence of overhanging cliffs and pinnacles, from which

blocks may descend upon its surface. The great glacier which once cov-

ered so much of Ohio, like all others of ancient and modern times, un-

doubtedly pushed, out and left behind it the coarse and fine flour which

it ground. As the rocks over which it passed, were, for some, hundreds

of miles northward, soft sedimentary strata, mostly shale and limestone,
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the product of its grinding action was a calcareous clay, thickly studded

with fragments of the excavated material. Prom the fact that the slope

over which this glacier moved was very gentle, and a great barrier

crossed its path, the drainage was never free, except locally, and as a

consequence, the greater part of the ground material was never w,ashed

away, nor even suspended in water, and it remains as a sheet of irregu-

lar thickness, and mostly unstratified bowlder clay. It is mainly com-

posed of the debris of the shales and limestones which occupied an area

of many hundreds of square miles, from which they have been removed,

in and north of the basin of Lake Erie. The few well-worn pebbles

and bowlders of crystalline rock contained in the bowlder clay are frag-

ments brought by the glacier from the far-distant Canadian highlands.

In their long journey, few have resisted the attrition to which they were

subjected, and these have been worn, scratched, and planed off as we find

them. As we go northward and approach their place of origin, they

become more and more abundant, and increase in size.

Since the glacier that formed our bowlder clay was a broad ice-sheet,

and passed over a nearly level plain, where there were no summits or

pinnacles from which stones or earth could fall upon it, all the material

it carried was pushed along beneath it, or was frozen in to its under sur-

face. Hence few large, and no angular blocks were brought by it from

the northern highlands. Some blocks of large size were, as we know,

torn by it from ledges of limestone and sandstone within or near the

limits of our State ; as we find in the northern counties masses of Cor-

niferous limestone, evidently taken from the islands in Lake Erie, or

from the outcrops of this formation north of the Lake. These were car-

ried one" hundred miles or more south-west, to points several hundred

feet above their places of origin.

That the bowlder clay was not deposited beneath the glacier, as some-

times stated, is apparent from the fact that it covers the glaciated surface

on which the ice rested, in a sheet sometimes a hundred feet in thick-

ness. It must, therefore, have accumulated at the margin of the glacier. As
the glacier retreated northward, the clay which it pushed out accumu-

lated year by year, following it till it rose on to the Canadian highlands,

where, with hard material, and free drainage to wash away the finer

portions," it is largely replaced by beds of gravel, sand, and bowlders. In

the retreat of the great ice-sheet across the lake-basin, at first small

pools, then larger basins, and, finally, a great inland sea, bordered it on

the south. In these bodies of water a portion of the material ground up
was suspended, and then deposited as the laminated portion of the Erie

clay. This, as I conceive, is the true and simple history of its formation.
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The theory advanced by Prof. N. H. Winchell, in his paper on the

Drift of -the North-west, published in the Popular Science Monthly for

June and July, 1873, viz., that the Erie clay is a mass of dust or dirt,

which gathered on the surface of the glacier and was dropped, as it

melted, seems to me to be quite untenable, as there were no highlands

surrounding the great ice-sheet from which the earth could be washed or

blown on to its surface; and all material grasped by the glacier in its

motion, tends to work out below rather than at the surface, inasmuch as

the glacier grows from above downward, melting below, and being re-

newed by constantly recurring snow-falls above. It may also be said

that no existing glaciers terminate in the manner suggested by Prof.

Winchell

—

i. e., in a thin, earth-covered edge—but they always end in

an abrupt ice-wall.

The glaciers of the Alps and Himalayas, those of Terra del Fuego,

described by Agassiz, and those of Alaska by Blake, all tell the same

story. The true counterparts, however, of the great glaciers now under

consideration, are the continental glaciers of Greenland and the Ant-

arctic.

THE FOREST BED.

Allusions have frequently been made on the preceding pages to a sheet

of vegetable matter which overlies the Erie clay.in various parts of Ohio,

Indiana, Illinois, etc. Buried timber has frequently been found in sink-

ing wells and in other excavations in different parts :of the valley of the

Mississippi, but the connection and significance of the phenomena were

first pointed out in the reports of the present Geological Survey. A great

number of instances of the occurrence of buried timber, peat, and car-

bonaceous layers in the Drift are given by different writers on geology.

A few only of these can be cited here :

1. Ross County, Ohio. Wood, apparently cedar, from a. well in clay 30

feet from surface, 150 to 200 feet above Scioto river. (Col. Whittlesey.),

2. Coventry, Summit County, Ohio. Muck and branches of trees, 42 feet

beneath surface, in a well 544 feet above Lake Erie. (Col. Whittlesey.)

3. Cleveland, Ohio. A carbonaceous stratum, with many trunks of

coniferous wood on surface of Erie clay beneath 20 feet of sand, and gravel,

and -clay (Deltg, deposit), 50 feet above Lake Erie.

4. Hamilton County, Ohio. Thirty-five wells containing muck beds,

leaves, or timber, from 300 to 500 feet above the Ohio. (Col. Whittlesey.)

5 Oxford, Butler County, Ohio. An upright trunk and roots of a tree

in blue clay, at the depth of 30 feet. (David Christy,)

6. Highland County, Ohio. In the Village of Marshall, eleven wells out
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of twenty have reached a stratum of vegetable matter with leaves,

branches, roots, and tree trunks. Many similar cases in the same

county. (Orton.)

7. Clermont and several adjoining counties. Ancient soil above the bowl-

der clay, and below the upper Drift deposits. (Orton.)

8. Germantown, Montgomery County, Ohio. Bed of peat from 12 to 20

feet in thickness, the surface covered with sphagnous mosses, grasses, and

sedges, and containing quantities of coniferous wood, with twigs, branches,

and berries of red cedar ; also, containing bones of elephant and masto-

don, and teeth of giant beaver, the whole covered with 90 feet of gravel

and sand. (Orton.)

9. All through South-western Indiana. Ancient soil, with peat, muck,

rooted stumps, trunks, branches, and leaves of trees, 2 to 20 feet in thick-

ness, 60 to 120 feet below surface, called " Noah's cattle-yards," water

of wells spoiled by them. (John Collett.)

10. Peoria County, Illinois. Drift over Coal Measures ; average thick-

ness, 70 feet, consisting of blue clay below 50 feet thick, overlaid by old

soil, with cedar timber; above this, yellow clay and sand 16 to 20 feet

thick ; section shown by thirty-nine borings and many wells. (William

Chapman.)

11. Lawrenceburg, Indiana, and many places in Ohio Valley. Old soil,

with trunks and roots of trees, the latter in situ, layers of leaves, ripened

fruits, grasses, and sedges, all clearly distinguishable. Several of the

species of trees and plants can be determined, some by their wood, others

by their leaves and fruit. Among them may be named the sycamore

beech, shell-bark hickory, buckeye, red cedar, and wild balsam apple,

6 feet above low-water mark, and 40 feet below flood plain. (Orton. Vol.

I., Part I., p. 427.)

12. Several Counties in Iowa. An old soil, with buried timber, from 40

to 50 feet beneath the surface, struck in sinking wells over several coun-

ties. .(Morris Miller, in letter.)

13. Walworth County, Wisconsin. Timber resembling white cedar, from

a well 18 feet deepen the prairie region, about 250 feet above Lake Mich-

igan. (I. A. Lapham.)

14. Appleton, Wisconsin. Red cedar in red clay, 18 feet below surface,

150 feet above Lake Michigan ; also, white cedar, 30 feet below surface,

in red clay. (Dr. C. S. E. Beach, cited by Col. Whittlesey.)

15. Green Bay,- Wisconsin. Apparently willow in red clay, 50 feet

below the surface of Lake Michigan. (Col. Wbittlesey.)

16. Iowa City, Iowa. Two logs of resinous timber in a well 60 feet

deep on general level of country. (Col. Whittlesey.)
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17. Grand Sable, south shore of Lake Superior. Layer of roots and limbs

of trees, sometimes 12 or 14 feet thick, resting on bluish-drab clay, cov-

ered with sand interstratified with gravel 300 feet thick* (Sir William
Logan, Geology of Canada, 1863, p. 905.)

18. Toronto, Canada. Trunks and branches of trees imbedded in yel-

low clay overlying blue clay, at a depth of from 10 to 20 feet from the sur-

face. (Prof. Hinds.) ^
It is by no means certain that all the cases cited above belong to one

category, as timber may have been buried,. in some instances, quite

deeply, by causes that now are in operation ; but excluding all doubtful

cases, a sufficient number of well authenticated facts remain to justify

us in the conclusion announced on a preceding page, viz: 1st. That
after the retreat of the glacier from the glaciated area, a growth of veg-

etation spread over the surface of the bowlder clay, reaching northward

to and into the lake-basin, and westward to and beyond the Mississippi.

2d. That a forest occupied the surface long enough to produce a deep car-

bonaceous soil over all the lower and more moist, portions. 3d. In the

marshy portions of this land surface beds of peat were formed, in some
instances even 20 feet in thickness. 4th. Most of the ancient forest was

coniferous, and cedar and cranberry grew in the peat bogs ; from which

we may infer that the climate was colder than now in the same region.

5th. In the Forest Bed we find the remains of the mammoth, mastodon,

giant beaver,* and some other animals, which mark this as the first

horizon of life in the Drift series. In deposits of later age, even reach-

ing to the advent of man, extinct or existing species of animals and

plants are abundantly represented, but I have never been able to obtain

any proof of the existence of organic remains in the Erie clay.

While ice covered so much of our State, whatever animal or vegetable

life existed north of the Ohio was confined to the highlands east of the

Scioto valley. We have every reason to believe* however, that the mam-
moth, mastodon, megatherium, megalonyx, etc., lived on the southern

portion of our continent during the glacial period.

Though occupying ah insignificant portion of the vertical thickness of

* In several of the wells which penetrate the Forest Bed, chopped timber and chips

are"reported to have been found. As the number of such cases is so numerous, we
must suppose that the stories are founded on fact, and I have suggested that possibly

the chopping was done by the great dental chisels of the giant beaver. The common
beaver is capable of cutting down trees of large size, as at one of our camps on the

Dolores river, in Arizona, I measured three cottonwood trees, felled by the beaver,

each of which was more than two and one-half feet in diameter above the cut. The

Giant Beaver could as easily have felled trees six in diameter.
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our Drift deposits, the Forest Bed represents a great lapse of time. The
advance of a forest growth over the barren Drift area must have been

slow, and much time was certainly required to form the distinct sheet of

carbonaceous matter which we now find. The climate of the State, at

that period, must have been cold and damp, as the glaciers were still

near, and the drainage from them which filled the water basin was icy

cold.

In the Forest Bed of the valley Drift we find quite a number of plants

of the species now growing in the same localities, and such as could not

have grown there had the climate been much colder than now, but the

deep valley would have been warmer than the uplands; and, as has been

already stated, it is not certain that the old soils of the valleys and the

highlands are of the same age, though both belong to periods when the

physical condition of the country was quite different from the present.

Further investigations, following up the suggestions and conjectures now
made, will undoubtedly result in the perfect elucidation of this interest-

ing chapter on the complicated history of the Drift.

I should not omit to mention that a stratum of bog iron ore accom-

panies the old soils in both the valley and upland Drift beds.

DRIFT OF THE TERRACE EPOCH.

The materials which overlie the Forest Bed, and which form the upper-

most members of the stratified Drift deposits, are clearly the product of

a wide-spread submergence of an immense area in the Western States

which had before been dry land. In a great number of instances in

southern Ohio, where the Forest Bed is present, the materials overlying

it have been penetrated in water wells, and their character has been

accurately determined. For the purpose of showing what these strata

are, I quote again, in part, the general section of the upland Drift of Cler-

mont county, as described by Prof. Orton (Vol. I, Part I, p. 440)

:

No. 1. Surface clays, generally white, sometimes blackened by swampy
conditions, entirely free from gravel...; 1 to 8 feet.

No. 2. Yellow clays, abounding with gravel, with occasional bowlders, often

constituting the surface instead of 1. Thickness seldom ex-

ceeding 10 feet.

No. 2. Forest soil and bog iron ore.

No. 4. Blue bowlder clay, or hard-pan.

The white clay of the above section is a somewhat localized deposit,,

but one that is spread over a wide area. In Clarke county it is called'

the Springfield clay, and has been worked as a brick and tile clay for

3
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many years. It contains so little iron that the ware made from it is

white, or cream color.
t
A similar clay at Miamisburg, supposed by

Prof. Orton to be of the same age, has been quite extensively used for

paint. A like deposit in the valley Drift -at Cincinnati has been used

in forming concrete for the bottom and sides of the new reservoir. Ev»ery

thing indicates that this is a lacustrine deposit, that is, that it accumu-
lated at the bottom of a body or basin of fresh water. It is probable that

a precisely similar clay is now being deposited in Lake Geneva by the

milky water that flows from the glaciers. We may even carry the anal-

ogy further, by supposing this to be the very finest portion of the bowl-

der clay, which, stretching over the northern divide, was washed away
by shore waves and draining streams, and was deposited in the still

waters of the gulf or bay formed by the valley of the Ohio in its last

submergence. The yellow clay, abounding with gravel, and containing

occasional bowlders, which overlies the Forest Bed, and is more generally

the surface deposit of southern Ohio, is evidently the more immediate

and coarser product of the action of the in-coming flood, and copious

drainage from the north upon the ancient forest-covered land, of which

the sub-soil was the bowlder clay. So far as yet observed, there is no

satisfactory proof that an ice-sheet passed over the State of Ohio after

the accumulation of the old Forest Bed. The yellow clay under consid-

eration is quite different from the blue bowlder clay which lies beneath it

and the Forest Bed; and it seems scarcely possible that it-could have been

spread by glaciers, and the Forest Bed and bowlder clay be left so intact

over large areas. I would rather ascribe it to the action of water ; but

calling to the aid of that water the icebergs that we know floated on >

the surface of the inland sea, and, in the flooding of the Ohio valley,

passed over the summit, or through the gaps of the divide, and scattered

gravel and bowlders along their route in- the country farther south.

If, as seems probable, the stratified sediments which once partially

filled the immediate valley of the Ohio, and now form terraces like

those at New Richmond and Lawrenceburg, belong to the same epoch

with the upland. Drift of southern Ohio, it would appear that when the

Forest Bed accumulated the continent was somewhat higher than now,

and the Ohio flowed at a lower level; and that during the subsequent

submergence the later Drift sediments were deposited over all the irregu-

larities of the surface.

In the basin of the great lakes, the upper portion of the Drift series is

not quite so distinctly marked as in the valley of the Ohio, perhaps for

jthe reason that in the descent of the water line of the inland sea nearly

•every portion of the slope which formed the southern boundary was
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exposed to the full force of its great waves, and, as a consequence, the

denudation has been greater there. In the Maumee valley, however,

the yellow laminated clays which form the summit of the Drift series

are regarded by Mr. Gilbert, who has carefully examined them, as of

lacustrine origin, and of comparatively modern date.

In the valley of the Cuyahoga—which was a deep gorge previous to

the epoch under consideration—we find a series of finely stratified yel-

low, blue, and red sandy clays, that overlie all the other Drift deposits.

These are very peculiar in character, and seem to represent a portion of

the Drift series, which, if once generally deposited in the lake basin, has

been for the most part since removed. The nature of these strata may be

gathered from the following sections

:

1.

2.

3.

4.

5.

6.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

LACUSTRINE CLAYS, AKRON, OHIO.
Feet.

Stratified sand 10

Blue clay

Mixed yellow sand and blue elay, stratified... 1

Blue clay

Yellow sandy clay ...

Blue clay 1

Red clay

Yellow loamy clay 1

Blue clay ...

Red clay

Blue clay

Red clay

Blue clay 1

Red clay

Yellow loamy clay 1

Blue clay ; 2

Red clay

Fine yellow sand

Yellow loamy clay 2

Blue clay

Yellow loamy clay 3

Blue clay 4

LACUSTEINB CLAYS, THREE MILES NOKTH OF AKRON.
Feet

Hard concretionary clay, with much iron 25

Blue clay 8

Yellow clay

Blue clay

Red clay

Yellow loamy clay '.: 2

Inches.

4

1

10

10

2

6

10

6

2

6

1

1

Inches.
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IPeet. Inches.

7. Blue clay 10

8. Yellow clay 8

9. Blueclay 1

10. Bed parting. J
11. Yellow clay 10

IS. Blueclay 2

13. Bed clay £
14. Yellow loamy clay 2

15. Blueclay 2

16. Yellow loamy clay , 4

17. Blue clay 4

18. Yellowclay 4

19. Blueclay 2

20. Yellow clay „ 1 6

21. Blueclay 3

22. Yellow, clay, streaked with blue and red 5

23. Blue clay 2

24. Yellowclay 2

In the preceding sections the clay is all more or less loamy, i. e., mixed
with very fine sand; and though plastic when wet, is crumbling when
dry. All the layers contain much iron : that in the blue bands, which
are finer and wetter, as protoxide ; that in the yellow layers, which are

somewhat ochery, in the condition of hydrated sesquioxide ; that in the

red bands, as anhydrous peroxide. The remarkably regular stratification

of the series of. beds. now. under consideration proves them to have been

deposited in quiet water ; and as they reach down the valley of the Cuy-

ahoga for many miles, apparently connecting with the laminated portion

of the Erie clay, we are compelled to conclude they were deposited in the

Cuyahoga valley when it was completely filled with the water of Lake
Erie ; and the absence of all coarse material proves conclusively that this

was not then a drainage channel. From their peculiarly permeable and

loamy character, these clays, would be removed with more facility than

any other of our Drift deposits ; and it is probable that the.only reason

why they are present here, while wanting over most of the slope of the

watershed, is, that, in this deep gorge, they have been protected from the

action of. the shore waves, which washed away from the surrounding

country all of, the. superficial: deposits, except, the tough and impervious

bowlder clay.

THE LOESS.

>The "Bluff formation" of the West is sometimes called the "Loess,"

from its resemblance to the Loess of the Rhine. I have designated it, in a
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paper on the Drift of the Mississippi valley, published some years since,

as a " Lacustrine, non-Glacial Drift deposit," and considered " it the sedi-

ment precipitated from the waters of our great inland sea in its shallow

and more quiet portions, to which icebergs, with their gravel and bowl-

ders, had no access." It is evidently the most recent of our stratified

Drift deposits, and I regard it as the equivalent of the lacustrine, ochery

clays, enumerated in the preceding sections, and of the surface clay and
loam, which overlie the Forest Bed in the Ohio valley. Some years since,

Mr. Morris Miller, writing me from Iowa, where he was carefully observ-

ing the surface geology, made a suggestion in regard to the origin of the

Loess, which has been fully confirmed by the descriptions and conclu-

sions of the geologists of Iowa and Missouri ; *. e., that the Loess is the

silt brought down by the Missouri river, and spread over the great water

basin that occupied the Mississippi valley at the time of its deposition.

As the water was gradually withdrawn, the Loess was deposited farther

and farther southward, until now it is carried into the Gulf of Mexico.

The Loess is simply a river silt, just such as now renders the waters of

the Missouri so remarkably turbid. All rivers transport more or less

sediment, the quantity and the character of which depend upon the

configuration and geology of the country through which they flow. It

is said that the sediments of the Amazon render the waters of the At-

lantic turbid for 200 or 300 miles from its mouth ; and in the season of

floods the Mississippi discolors the waters of the Gulf to an almost equal

extent. As the flow of a river current is checked and finally arrested in

a body of still water, the sediment it transports is precipitated in the

order of its fineness, and the ratio as to quantity of the motion of the

water. Hence around the mouth of the river the silt will be coarsest

and thickest ; finer and thinner as we recede from that point. In. ex-

amining the Loess of the Mississippi valley we find that it conforms

precisely to this law, being thickest and most sandy about the old mouth

of the Missouri in eastern Iowa, Missouri, and western Illinois. North

and east of this region the Loess becomes thinner and finer, until it

merges into and is lost in the sediments transported by streams which

drained into the Mississippi Gulf, or Lake, from the east.

The Loess is called the Bluff formation, because it once formed the

upper part of the filling of the old .rocky troughs of the Missouri and

Mississippi, and having been but partially washed out by the present

streams, often stands as bluffs along the water side. In such cases, how-

ever, the Loess is simply a facing to the rocky bluffs which form the true

walls ot the valleys.

It is an interesting fact that the Loess is generally separated from the
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underlying older Drift deposits by a carbonaceous layer, or old soil, which

shows that it was laid down on a submerged land surface. Whether this

soil corresponds to our Ohio Forest Bed remains to be proven, but it seems

highly probable that they are continuous and identical. Dr. E. Andrews

states that the Loess covers the upper ridge at the head of Lake Michi-

gan, and he infers that the water from which it was deposited was rap-

idly withdrawn, as otherwise it would have been washed from exposed

points from shore waves, and its continuity be broken by beach lines.

BOWLDERS.

The bowlders, or erratic blocks, as they are sometimes called, which are

scattered over so much of the surface of the State, have attracted the at-

tention and excited the wonder of most of its inhabitants. They are

usually composed of some kind of crystalline or metamorphic rocks,

such as are foreign to the geology of Ohio, and were on that account

recognized, even by the unlearned, as foreigners which had been brought

from a distance and strewed over the surface or perched upon declivities

in some incomprehensible way. Though greatly varying in quantity in

different localities, the bowlders may be said to be common to all parts

of the State, except the highlands which have been specified as lying

outside of the Drift area or which rose beyond the reach of the agent or

agents by which the distribution of the Drift material was effected. In

the valley Drift of the channels of the Miami, Scioto, Muskingum, and

even the Ohio, bowlders are exceedingly common, but they are never of

large size, and are only such as have been washed down by river cur-

rents from their original places of deposition; and these grow smaller

and smaller as we descend the valleys in which they are found.

Some of the bowlders distributed over Ohio are of immense size, and

some may be found in almost every county which have attracted special

attention. We have space to enumerate but few of these. In Montgom-

ery county, on the hill near the Soldiers' Home, is a partially buried,

rounded mass of gray granite, twelve feet in diameter horizontally, and,

as shown by execavations, not much less vertically. This would give

a bulk of 904 cubic feet and a weight of 75 tons. In Harrisville, Me-

dina county, are three blocks of granite, which were, apparently, once

parts of the same mass. The exposed portion of one of these measures is

10x12x15 feet. This would give a weight of about 150 tons for what is

seen only of this block. Another shows a corner projecting seven feet

above the ground, of which the three triangular faces measure respect-

ively 12, 15, and 12 feet along their bases. In the valley of Black

river, in Huron county, above Monroeville, is a block of Corniferous
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limestone, said to be nearly equal in bulk to a cube twenty feet on a

side. A great number of bowlders, scarcely smaller than these, are

mentioned in the notes of the Geological Corps, but these are sufficient to

show -the power of the transporting agent. Smaller bowlders are some-

times found in immense numbers over a limited space. Near Euclid,

in Cuyahoga county, they are so thickly strewn over a field of several

acres as to resemble a large herd of sheep and cattle. Even in southern

Ohio they are locally very numerous. Prof. Orton mentions a belt of

these bowlders, two or three miles wide, between Dayton and Eaton,

where they are so thickly set as to make the cultivation of the soil

almost impossible. Here the bowlders are almost exclusively Canadian

metamorphic rocks, among which a granite, with rose-colored felspar, a

gray gneiss, diorite, and silicious slate, are the predominating varieties.

Along the highlands of the divide we occasionally see blocks of consider-

able size, which have been torn from some neighboring ledge, and among

the smaller rounded bowlders found on and south of the divide, a large

number are derived from indigenous rocks, but the greater part of the

larger bowlders strewed over the surface are of foreign origin.

Very few of the surface bowlders show any striation or planing, such

as is seen in those of the bowlder clay. This is a distinction that has

an important meaning; for so large a number of the bowlders in the

glacial clay (where they have been transported by glaciers) are planed

and scratched, that the absence of such markings from the surface bowl-

ders is pretty good evidence that they have had a different experience.

We may, therefore, conclude that the striated bowlders have been trans-

ported beneath glaciers, and that the

rounded and unscratched bowlders concretion from drift ground off

have not. With the great limestone

bowlder of Huron county are many, x'W«\lAwKi
of smaller size, which are very much jfsgh%| v|Wtwl
scratched and worn. These rest on /v* • tjj^My^Jy^NVv

the surface of the Huron shale, and j

we can hardly doubt that they have j|t'-\ ^
•„

been transported and left where r *1 ^
f §

found by a glacier moving from the ^^^^^^^ft^pi :

north. In the vicinity of these lime- ^Sg&HPn{j
stone bowlders a spherical concretion \im. -. .

^IliilliliHIlBiiBiiliBl
from the Huron shale was found, of

which one side is planed off as ^^SHkP
smoothly as it could be done by art. Whether it was held in the glacier,

or in the shale, when the grinding was done, is somewhat uncertain

;
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but that it was ground off by glacial action there can be no doubt. A
wood -cut of this interesting specimen is given on the preceding page.

Scratched bowlders are not uncommon in the Drift of the highlands,

and they may be always accepted as evidence that the material in which
they are imbedded is glacial Drift. One of these bowlders, peculiar from
its size and position, deserves to be mentioned. This is composed of dio-

rite, is some three feet in diameter, and is planed on three sides. It lies

an a cutting on the Sandusky, Mansfield, and Newark Railroad, three

miles south of Mansfield, and 700 feet above the Lake.

The large unscratched bowlders described above are generally found
on the surface. This we might suspect to be merely the result of the

washing away of surrounding softer material ; but in the great series of

excavations which have been made in the construction of our railroads,

canals, etc., large bowlders have been rarely met with below the surface,

and they are scarcely found in such circumstances any where except in

the bowlder clay of the north-west counties. We often see, also, the large

surface bowlders resting on the fine, stratified clays which constitute the

upper portion of the Erie clay, and on the stratified sands and clays

which form the upper part of the Drift. It seems impossible that they
should have been brought to such positions by glaciers or currents of

water, as either of these agents would have torn up the underlying clays.

We also learn, from their relative position, that these bowlders were de-

posited at a later date than the most recent stratified beds of the Drift

series, and that they were floated to their present resting places. In
short, no argument is required to convince any one who will glance at

the facts, that these bowlders, and probably the gravel and sand with

which they are sometimes accompanied, were floated on icebergs from

the north shore of the great fresh-water lake which once filled the lake

basin, and that as these icebergs melted, or when they stranded, their

loads were discharged on the top of all the Drift deposits which had been
laid down in the preceding epochs of the Quaternary age.

SOUTH SHORE OP INLAND SEA, WITH ICEBEKGS.

Outlet, with floating and
stranded icebergs.

At the period of the greatest submergence of the land, icebergs un-

doubtedly passed through the gaps of the divide, and thus scattered their
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bowlders over the southern part of the State. It should be remembered,

however, that it is not claimed that all the large bowlders were trans-

ported by icebergs; simply that many of them must have been so trans-

ported, and probably most of them were. The accompanying wood-cuts

will better explain my idea of the method of transport of these bowlders

than I can do it in words.

NOETH SHOEK OF INLAND SEA, WITH GLACIEB AND ICEBERGS.

m
^^R*^#fe=^
8"*"'

'
^-'."^i^- 'Zf^'MWMfiwfaME^MiMM

Palseozoic rocks and drift. Laurentiaii hills and glacier.

That icebergs can and do transport great quantities of bowlders, gravel,

and sand, is attested by thousands of observers who have seen them doing

it. For example : in 1822 Captain Scoresby saw a large iceberg drift-

ing along, loaded with earth and rocks, conjectured to be from 50,000

to 100,000 tons ; and Captain James Kent, quoted in Kane's'Arctic Expe-

dition, speaks of millions of tons of stone and other solid matter carried

by icebergs. These materials are sown broadcast over the bed of the

North Atlantic and the banks of Newfoundland, just as formerly over

the shallows bordering the southern shore of our fresh-water inland sea.

KAMES.

Along the summit of the watershed, between the Lake and the Ohio,

from the eastern to the western margin of the State, accumulations of

Drift material occur, which are peculiar in their character and position,

and of which the history is less easily made out than that of any other

portion of the Drift series. These are beds, banks, and hills of sand,'

gravel, and bowlders, with little admixture of clay. In many localities,

these materials are heaped up into rounded, or, more often, elongated

hills, from 50 to 100 feet in height, to which the name " hog's-back " is

very frequently applied. Sometimes several of these hills are grouped

together, forming an undulating surface, with inclosed basins, which are

often occupied by lakes, or peat bogs ; though frequently without water,

from the porous nature of the material which surrounds and underlies

them. A large number of the peat bogs, lakes, and marshes, which con-

stitute such a marked feature in the topography of the summit of the

watershed, are surrounded by gravel hills, and owe their existence to the
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irregular and undulating surface formed by the Drift materials under

consideration. Nearly every county which lies on the divide contains

more or less of the gravel hills to which I have alluded, and they are the

source from which is derived a large part of the gravel used for road-

making and railroad ballast, and the sand employed for mortar. Few,

only, of these gravel knolls can be enumerated here, but they will be

recognized from description by a large number of the residents of the

State. A typical grpup of these hills occurs in Randolph, Portage

county, the general appearance of which is shown in the subjoined wood-

cut. Others may be seen east of Ravenna, and near Earlville, where they

GRAVEL HILLS, RANDOLPH, PORTAGE COUNTY.

Prom 50 to 100 feet high ; 500 feet above Lake Erie.

supply a vast amount of gravel used in the construction of the Atlantic

and Great Western and the Cleveland and Pittsburgh railroads. At this

locality we have a good illustration of the part these gravel ridges have

played in the formation of lakes, as the two lakes, Brady's Lake and

Lake Pepin, are here held in basins surrounded by ridges and hills of

gravel. In Summit county a good example of a "hog's-back " is seen at

the " Old Forge," and its composition is fully revealed by the excava-

tions made in the construction of the railroad and canal. At Akron, on

both sides of the Little Cuyahoga, are heavy beds of gravel, which belong

to this category, and which I shall have occasion to refer to again, as their

composition and relation to the other Drift deposits are here quite plainly

shown. In the northern part of Stark county gravel hills are very

numerous, and an excellent example of this peculiar formation is fur-

nished by " Buck Hill," of which I shall give a section on another page.

Following the divide from Akron westward, collections of coarse Drift

materials, in ridges, hills, or swells of the surface, will be in view almost

constantly to the State line. In the western counties these are so well

marked and continuous that Mr. N. H. Winchell, in describing the Drift

phenomena of this portion of the State, brings these into the category of

lake ridges, making two chains of them, one of which he calls the St.

John's ridge, the other the Wabash ridge. Both of these lie along the

crest of the divide where it is unusually low ; the St. John's ridge having

an elevation at different points of from 390 to 490 feet above the Lake,

the St. Mary's ridge, 350 to 408 feet. Careful .observation will show,

however, that this belt of sand and gravel hills has little in common
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SECTION OF SAND AND GKAVEL
HILL AT AKKON.

gii^^^K

with the lake ridges ; being composed of different materials, holding a

higher level, and being far less continuous and uniform in altitude. It

may easily be shown, also, that they were produced by different causes,

and belong to a different series of Drift phenomena. They are, indeed,

almost the exact equivalents of what are called Karnes in Scotland, Eshers

in Ireland, and Asar in Scandinavia. They are also to be compared with

the accumulations of coarse Drift material which crown the highlands

in Michigan, Wisconsin, and in the country north of the lakes ; also,

with the " hog's-backs," the abrupt conical or elongated hills of gravel

and bowlders so common in eastern Canada and New England..

The form and composition of the " Karnes "—as

we shall call them—which are set along the high-

lands of Ohio, varies considerably in different cir-

cumstances. Where the accumulation of material

is large, it forms hills of some height, and they are

seen to be composed mainly of gravel and sand.

They sometimes contain bowlders, however, and

not unfrequently, those of considerable size ; and

often rest upon the glaciated surface of the under-

lying rock, with no intervening sheet of bowlder

clay or other Drift material. In other localities the

gravel is more widely spread, as though dispersed

from its original position, and it then frequently

covers not only the bowlder clay, but also the most

recent of the Drift deposits. Such cages, however,

I attribute to the washing down of gravels from

higher lands, at a comparatively recent date. Ex-

amples of this may be seen in the railroad cut

north of Ravenna, where the gravel rests upon

bowlder clay, and in the cuts for the Valley rail-

road near Akron, where it overlies the laminated

sandy clays which form the summit oi the Drift

series. The gravel and bowlders that form the

kames are both indigenous and exotic. In some

instances, the underlying or neighboring rocks

have contributed largely to make up the deposits

;

as, near Akron, where masses ofconglomerate, sand-

stone, and pieces of coal, often of considerable size,

are found in the gravel beds; evidently derived Base conglomerate; 428 feet
j. x1 . . i . a , .

" above Lake Erie.
from the strata which were once continuous over

, all this region. Near Ravenna, the sandstone overlying coal No. 1

?:zzszzsX3?z:sl%.zxz==2zz?,

?:"zZfZ'l^ZVZFi i%SUI^y?jjzst=^^
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contributed largely to the formation of the masses of loose material ; and

in Stark county the compact and tough Coal-Measure limestones have

supplied many of the rounded bowlders and gravel stones. In the

western portion of the State, the limestones that form the Cincinnati

arch have sometimes furnished nine-tenths of the materials composing

the kames. Mingled with these native rocks, however, we often find a

large, frequently a preponderating, number of representatives of the crys-

talline or palaeozoic rocks of the country north of the lakes, viz., granite,

greenstone, quartzite, silicious slate, crystalline limestone, and also peb-

bles and fossils of the Silurian and Devonian rocks of the varieties found

in Canada and not in Ohio. These transported masses are generally

small, well rounded, and never, so far as I have observed, scratched or

ground like the pebbles and bowlders of the Erie clay; much of which is

true glacial Drift. In one or two instances, native copper, evidently from

Lake Superior, has been found in these gravel beds. The arrangement

of the materials in the kames is irregular, but it generally shows plain

indications of the action of water. Sometimes its stratification is quite

distinct, and bands of gravel and sand succeed each other in nearly per-

fect horizontality and parallelism. In such cases the deposits are spread

over a large area, and where cut into hills and tables, are plainly the

portions of once continuous and somewhat extensive sheets. Here we

may conclude that the materials are rearranged, having been washed

down from higher levels and- spread by the action of shore-waves and

currents.

The " hog's-backs " and more well-defined hills of the kames usually

show oblique and irregular stratification ; beds of sand, gravel, and occa-

sionally of bowlders, alternate, but the sheets are rarely horizontal, and

they interlock by wedging. The sand beds are also frequently cross-

stratified. I give below a section of Buck Hill, Stark county, as a good

illustration of the structure of our kames. It is 40 feet high, and its

base is 560 feet above Lake Erie.

PROFILE SECTION OF BUCK HILL, STARK COUNTY, OHIO.

A, sand. B, gravel, sand, and bowlders. C, sheets of sand.
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For comparison with the above cut, I give herewith a profile section of

a kame near Lanark, Scotland, copied from Geikie.

SECTION OF A KAME. LANARK, SCOTLAND.

Gravel and sand. (Geikie's "Ice Ago," p. 213.)

The character of the kames on the divide in Auglaize and Mercer

counties will be seen from the following description, taken from the

full and carefully prepared notes furnished me by Prof. N. H. Winchell.

Speaking of the St. John's ridge, he says

:

"At the village of St. John's, in Auglaize county, it has its most marked develop-

ment. It consists there of a series of gravel knolls and short subordinate ridges,

whose height above the intervening valleys is, in some cases, over 95 feet. The sur-

face to the east or west (the trend of the gravel belt being northreast and south-west)

becomes an almost unbroken flat within a half mile either way, while in the direc-

tion of the ridge this broken character of the surface prevails. This ridge is some-

times nearly a mile across. The contents of these knolls and subordinate ridges,

wherever seen, are always gravel and sand, in glacial stratification (i. «., in inclined

and interlocked wedgesJ. Some beds also consist almost entirely of rounded stones,

of three to six inches in diameter. In excavating for gravel, bowlders of several

hundred pounds weight have also been occasionally taken out of these banks, and

such bowlders are sometimes seen perched on the tops of them. About a mile and a

half south-west of Westminster, in Allen county, is one of the most remarkable of

these subordinate ridges. It has the local name of the 'Devil's Backbone,' and its

SECTION FROM GRAVEL KNOLL AT ST. JOHN'S, AUGLAIZE COUNTY. (Winchell.)

1. Coarse and fine gravel, with a distinct, yet imperfect, assortment in horizontal beds, 15 feet. 2. Gravel

in layers, inclined at an angle of 70°. 3. Unassorted gravel and sand. 4. Coarse gravel, with some stones.

5. Sand in layers, inclined at angle of 70°. 6; Stones, the Interstices filled with gravel. 7. Concealed.

length north and south is about half a mile. At, its northern extremity it consists

•entirely of sand and gravel in glacial stratification, but toward, the north and east it



46 GEOLOGY OF OHIO.

becomes gradually more mixed with, clay, and is less evidently stratified. It is also

forked and channeled toward the south, and extends east and west for a number of

miles. Further south the slope is gentle, and the ridge is soon lost in a flat surface.

This subordinate ridge is not higher than the adjoining knolls or the general level.

In approaching it from the north, there is a sudden descent before reaching it; there

is also a swampy tract along each side. On the top of this ridge of gravel, and also

on the slopes, are many large bowlders ; one, which lies exactly on the summit,

measures 4 by 2J feet. This is of diorite. Many others also seen on the ridge are of

limestone, the Waterlime predominating."

The following section, taken by Mr. Winchell, will serve to illustrate

the arrangement of materials in the kames he has described

:

SECTION OF WABASH RIDGE AT WAPAKONETA, AUGLAIZE COUNTY. (Winchell.)

1. Busty hard-pan, 1 foot. 2. Unassorted gravel and sand, 1 to 4 feet. 3. Damp sand, with some gravel

1 foot. 4. Unassorted gravel and sand, with some stones a foot in diameter, 1 to 4 feet. 5. Stratified sand

the beds broken by lenticular beds of unassorted sand and gravel, 1 to 4 feet. 6. Unassorted gravel and

sand, 4 feet. 7. Unassorted sand and gravel, 2 feet.

SECTION FROM GRAVEL KNOLLS AT ST. JOHN'S, AUGLAIZE COUNTY.

1. Hard-pan, 1 foot. 2. Busty sand, 1 foot. 3. Gravelly hard-pan, 1 foot. 4. Clear sand, 6 inches -

5. Stratified sand, 2 feet. 6. Gravel. 7. Coarse and fine sand in distinct beds, exposed, 8 Inches. 8. Sand,

exposed, 4 inches.

DEAINING OP THE INLAND SEA.

On a former page I have referred to certain waste-weirs through

which our great inland fresh-water sea was drained off toward the Ohio

and Mississippi long before the present outlet was established. Some of

those which occur in the State of Ohio were incidentally described in

Vol. I., Part I., p. 43, of this report, where they are cited as interesting

features in the topography.
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It seems that in the period of the greatest submergence the larger

part of the summit of the watershed was under water, and was swept

by breakers and shore waves, by which some of the beds of sand and
gravel were formed, which are described under the head of Karnes ; and I

have supposed that a considerable portion of the materials composing

these kames, or eskers, was derived from icebergs stranding on the shoals

which now form the crest of the divide. At this time a sufficient depth

of water existed in the passes of the watershed to float icebergs of con-

siderable size, and as currents flowed through these passes, some of the

bowlders scattered over southern Ohio were probably transported by
them. When the water level had been somewhat depressed by the slow

elevation of the continent, these gaps became, as I have supposed, waste-

weirs, through which powerful streams of water continued to flow for a

long time, cutting the gaps deeper, and transporting great quantities of

gravel and bowlders, and depositing them in lines which lead down
toward, the valley of the Ohio.

The first of these passes through the watershed is that traversed

by the Miami Canal at the St. Mary's summit. This has a level

above the Lake of 367 feet, and connects the valleys of the Maumee
and Miami.

The second is that called the Tymochtee summit, in Wyandot county,

which connects the valley of the Sandusky with that of the Scioto.

This has an altitude at present of 337 feet.

The third pass is in Harrisville, Medina county, between the valleys

of Black river and the Styx, a tributary of the Tuscarawas, at a height of

336 feet.

The fourth is the Akron summit, through which the Ohio Canal
passes, connecting the valley of the Cuyahoga with that of the Tusca-
rawas. The summit level of the Ohio Canal is 395 feet above the Lake.
The fifth pass is that between the valleys of Grand river and the Ma-

honing, of which the summit is in Orwell, Ashtabula county, and has
an altitude of 363 feet above tbe Lake.

Each of these gorges is now more or less filled with Drift ; but the
remarkable similarity of level which they present will strike the most
casual observer, and will not fail to suggest their reference to a common
producing cause. All the lines of drainage leading southward from
these passes are marked by deeply excavated channels, now more or

less perfectly filled by great accumulations of rolled and transported

material, such as would be the natural product of a copious flow of water
continued through ages of time, and gradually diminishing and losing

its transporting power. Whoever has passed up the valley of the Miami
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must have had his attention drawn to the great masses of local Drift

with which it is obstructed. This Drift is largely composed of rounded

pebbles of the limestones which form the highlands bordering the upper

part of the valley, and they doubtless represent the materials which

once occupied the gorge now opened northward through the watershed.

The more easterly gaps present the same phenomena. The valley of

the Scioto was once a broad and deep trough, cut in the solid rock, now
nearly filled with beds of gravel, sand, and bowlders, of which the thick-

ness has never been determined. In boring the State House well at

Columbus, 123 feet of coarse, valley Drift was penetrated before the rock

was reached. The State House stands on a terrace of gravel, sand, and

bowlders, which is on the eastern side of the old valleyj and it is appar-

ent that the old rock trough, here at least a mile in width, was once

filled to this level. Its depth in the central portion is, doubtless, much
greater than it is under the city of Columbus.

From the great bend of the Cuyahoga a belt of gravel reaches southward

through Summit and Stark counties, forming a geological and topograph-

ical feature which will be found described in the reports on these counties.

There are here, apparently, two deep channels, one of which is quite filled,

and the other is partially excavated by the Tuscarawas river. The first of

these lies west of Canton, and has been penetrated to the depth of 100 feet

without finding the rock bottom. Buck Hill, of which a section is given

on page 44, is one of the gravel knolls which mark the line of this

channel. The other gravel belt borders the present course of the Tus-

carawas in Stark county. The numerous borings that have been made

for coal in and near the valley of this stream show that the gravel is

sometimes more than 100 feet in depth, reaching far below the present

stream bed. The gravel hills and terraces west of the river, at and below

Massillon, form parts of this belt. At the Charity School, a well was

sunk 100 feet in gravel and sand, and coniferous wood was taken out at

the bottom. In the town of Dover, at the junction of Sugar creek and

the Tuscarawas, a boring for salt showed an accumulation of gravel and

sand reaching to the depth of 175 feet below the present surface level of

the Tuscarawas.

The accumulation of Drift in the valley of the Beaver, and in that

of the Ohio, near the mouth of the former stream, is so unusual that

Mr. Morris Miller who has given much attention to the surface geol-

ogy of this region, was much struck by it. In a paper which he has

published, he accounts for the existence of this mass of transported

material by supposing it to be the product of a great flood which

burst through the gap I have described. It seems to me, however, that
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the rolled and rounded condition of the gravel and bowlders which com-

pose this great bed of valley Drift plainly records the action of a steady

flowing, though powerful stream.

A more recent water-gap, yet very ancient, apparently similar in

character to those described above, is that which connects the valley of

the Maumee with that of the Wabash. Of this a detailed description is

given by Mr. G. K. Gilbert in his report on the " Surface Geology o the

Maumee Valley." As this is so minute and graphic, I quote largely

from it, for the purpose of bringing the facts he cites into connection

with those observed by myself. Speaking of the old lake beaches, he

"The upper beach (having an altitude of 220 feet above the Lake) consists in this

region of a single, bold ridge of sand, pursuing a remarkably straight course, in a

north-east and south-west direction, through portions of Defiance, Williams, and Ful-

ton counties. When Lake Erie stood at this level it was merged in the north with

Lake Huron. Its south-west shore crossed Putnam, Allen, and Van Wert counties,

and stretched north-west in Indiana nearly to Fort Wayne. The north-western shore

line, leaving Ohio on the south line of Defiance county, is likewise continued into In-

diana, and the two converge at New Haven, six miles east of Fort Wayne. They do

not, however, unite, but, instead, become parallel, and are continued as the sides of

a broad water-course, through which the great lake basin then discharged its sur-

plus waters south-westward into the valley of the Wabash river, and thence to the

Mississippi. At New Haven this channel is not less than a mile and a half broad, and

has an average depth of twenty feet, with-sides apd bottom of Drift. For twenty-

five miles this character continues, and there is no notable fall. Three miles above

Huntington, Indiana, however, the Drift bottom is replaced by a floor of Niagara

limestone, and the descent westward becomes comparatively quite rapid. At Hunt-

ington the valley is walled, on one side at least, by rock in situ. In the eastern por-

.

tion of this ancient river bed the Maumee and its branches have cut channels fifteen

to twenty-five feet deep, without meeting the underlying limestone. Most of the in-

terval from Fort Wayne to Huntington is occupied by a marsh, over which meanders

the Little river, an insignificant stream, whose only claim to the title of river seems

to lie in the magnitude of the deserted channel of which it is7 sole occupant. At

Huntington the Wabash emerges from a narrow cleft of its own carving, and takes

possession of the broad trough to which it was once but a humble tributary. The

limestone above Huntington is the rocky rim, or dam, which determined the altitude

of the overflow at this point, and is 170 feet above the present level of Lake Erie.

Above it the stream must have resembled the Detroit, bearing a smooth surface, but

with enough current to excavate its soft bottom somewhat deeply where the marsh

and prairie of the Little river are now spread; below, it was more comparable to the

Niagara at Buffalo, where it rushes over the outcrop of the Corniferous limestone.

At Fort Wayne the St. Joseph's and St. Mary's contributed their waters. Their

mouths were fifty feet higher than now, and the flood-plains of gravel and sand

which they then formed now flank their valleys as, terraces, and can be traced for

4
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forty miles toward their sources. When they were united by the retiring of the

Lake, but slight cause was needed to turn them eastward along the level bottom of

the deserted channel ; and they have now cut their beds so deeply in the Drift that

the highest freshets do not connect them with the Little river."

TERRACES AND BEACHES.

The withdrawal of the water of the last submergence of the Drift took

place slowly, and its progress was marked by periods of rest, and, per-

haps, of recession. In these intervals, the terraces which line the banks

of so many of our rivers were formed, and hence this has been designated

the Terrace Epoch. Local and minor terraces are produced by streams

as they deepen their channels and swing from side to side in their val-

leys, but ^11 the great and general valley terraces were formed by the

arrest in still water of the materials transported by water in motion

;

the still water having been that of lakes subsequently drained, or that

of the ocean withdrawn from inlets or arms which it once occupied. Ter-

races are also formed on the shores of the ocean and large lakes by shore

waves, which deeply notch the slopes upon which they beat. Should

the water level be depressed, or the land elevated, with intervals of sta-

bility, such terraces would constitute a series of steps, or benches, cut in

the superficial or rocky material of the shore. *

The terraces of the valleys of the Ohio and its tributaries have never

been carefully studied, but At is well known that all the important

streams of the Ohio system show them with more or less distinctness.

In the Ohio valley are some strongly marked terraces, which rise high

above the flood-plain, and are favorite sites for residences and towns.

Cincinnati is built on one of these. This has an average elevation of 108

feet above low-water mark in the Ohio. According to Prof. Orton, this

may be taken as a fair sample of them all :
" It is composed of distinctly

stratified gravel and sand of various degrees of fineness and purity. The
gravel stones^ are all water-worn. In weight they seldom reach ten

pounds. The upper tributaries of the Ohio supplied the materials, in

part; but a much larger proportion, in the vicinity of Cincinnati, is

derived from the limestones of western Ohio and the crystalline rocks of

Canada. Occasional seams of clay loam occur in the terraces, but seldom

of -tenacity enough to constitute reliable water-bearers. Less frequently

met, but still constituting a noteworthy feature of the gravel terraces,

are seams -of bituminous coal in small, water-worn fragments." It is

scarcely necessary to say that the gravel terraces of the Ohio were once

the bottom of this stream, then flowing 250 feet above its more ancient
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rocky bed. As the current of this river was checked by the still water

which then set far up from the Gulf, the coarser materials transported

by it were deposited, forming a flood-plain which once stretched across

the whole breadth of the valley. A subsequent elevation of the conti-

nent made the drainage freer, and caused the river to cut away all the

vacancy between the terraces in which it now flows. It will be under-

stood, from the allusions before made to them, that the gravel terraces

are the last formed of all the series of Quaternary deposits, and they

were produced during the retirement or reflux of the water which filled

the whole valley and caused the deposition of the sheets of Drift which
overlie the Forest Bed.

The probable equivalents of these are found beneath the gravel ter-

races in the Ohio valley, and have been described by Prof. Orton in his

report on the geology of Hamilton county. They have also been alluded

to on a preceding page in this chapter, and it will be remembered that

they include an old soil, with rooted stumps, prostrate trunks, leaves,

and fruits of trees and plants now growing in the valley of the Ohio.

But this old soil lies nearly down at low-water mark, the flood-plain of

the present river being forty feet above it. We have evidence, therefore,

that at a time previous to the last submergence of the Ohio valley, and

previous to its being filled with the gravel beds which now form its ter-

races, the Ohio river flowed full forty feet lower than now, and its bottdm

lands were overgrown with a dense forest similar to that which now
grows at a higher level. The record of this sequence of events, surprising

as it may be to many, seems to be clearly legible.

The valley of the Ohio was, for the most part, cleared of water while

yet the lake basin was filled, and formed a great fresh-water sea. This

was gradually drained, first by the waste-weirs, already described, and

subsequently by the opening of other outlets, until finally the water

level has been reduced several h ,f dred feet, and the old inland sea is

represented by our chain of great lakes. This depression of the water

level either took place in a number of paroxysms, or slowly, with long

intervals of arrest. These paroxysms, or stops, are distinctly recorded

in the remarkable series of ancient beaches (lake ridges), terraces, and

cliffs which mark the old shore lines on all the declivities that surround

the lakes. Just how this vast body of water was drained away we shall

probably never fully ascertain, but we know that it flowed off by several

outlets, and in several directions. As remarked elsewhere, it is probable

that the glaciers which filled the lake basins for ages, constituted ice-

dams, that obstructed the natural lines of drainage, and maintained a



52 GEOLOGY OF OHIO.

high surface level in the water that succeeded them. As the glaciers

melted away, one and another outlet was opened for the water, and these

outlets were certainly deepened in the lapse of time. It is also possible

that warping of the earth's crust may have changed the relative altitudes

of different portions of the margin of the lake basin. We know that

deeply buried channels connect the basin of Lake Michigan with the

Ohio and Mississippi, but they were probably excavated previous to or

during the ice period, and were subsequently filled and obliterated by

the later deposits of the Drift. The present divide between the waters

of Lake Michigan and the Mississippi is so low that water would pass

over it if the channel of the Niagara below the falls were filled, and the

river were forced to flow, as it once did, into Lake Ontario from the sum-

mit of Queenstown heights. It is, therefore, evident that the margin of

Lake Michigan has been depressed, or that the Straits of Mackinaw were

closed by ice, earth, or rock, when Lake Erie stood, as we know it did

stand, several hundred feet higher than now. Great changes must have

taken place, also, at the Niagara outlet since the old shore lines that

encircle Lake Erie were marked out, as the restoration of the barrier at

Queenstown heights would not bring the surface of the Lake up to the

lowest of the old beaches. There is no doubt that an old channel, more

than 200 feet deep, connects the rock basin of Lake Erie with that of

Lake Ontario, and the latter with the Hudson ; but these old channels

were filled with Drift deposits long before the lake ridges were made,

and by the heaping up of Drift material the drainage was turned into

new channels, along the line of lowest levels. It happened that this

line ran over a spur which projects into the basin of the great lakes, and

this spur, partially cut away, how forms the rocky barrier over which

Niagara pours. The establishment of this line of drainage is a very

modern affair, for all the sequence of Drift phenomena, even to the form-

ation of the successive lake ridges, preceded it. But its antiquity, as

compared with the reach of human history, is shown by the profound

gorge which has been slowly excavated since the waters of Lake Erie

began to flow over this barrier.

Whatever was the condition of other portions of the country bordering

the great lakes, we have incontestible proof that in Ohio the water of

Lake Erie once covered all the northern counties, and reached up to the

passes in the divide, and that subsequently the water level descended

step by step, resting at certain intervals, while the shore waves heaped

up beaches along the gentle slopes, cut the more abrupt declivities into

terraces, and washed prominent rocky headlands into water-worn and
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often vertical cliffs, until finally the present water level was attained,

and shore cliffs and beaches were formed as we now find them.

The formation of the lake ridges and terraces was the last in the

sequence of events which make the history of our surface geology. These

bring, us down to the present time, which, to our limited view, seems a

period of rest, but every day sees something taken from the barrier of

Niagara, and at no distant day, geologically speaking, Lake Erie will

have shared the fate of all lakes, and have been drained to its bot-

tom. The present shore line, with its terraces and ridges, will then

simply add another to the list of those that have preceded it, and which

we can so distinctly trace upon the surface. The lake ridges, as they are

commonly called, have been more or less minutely described by many
writers on the geology and topography of the lake basin. They are found

encircling all the great lakes, but more careful observation is required

before the relations between the different series whieh have been ob-

served can be considered established. The ridges which surround Lake

Ontario were first described by Lieutenant Roy and Sir Charles Lyell.

They found on the Canada side eleven of these ridges, rising one above

another, the highest being 762 feet above the surface of the Lake. On
the south shore a similar series has been described by the New York

geologists. Prof. Hall mentions five of these, while other observers have

reported as many as fourteen, of which the highest has an elevation

about the same as that of the highest on the Canada shore. On Lake

Superior old lake beaches have been noticed in several localities, and

some of them have been described in the reports of Messrs. Foster and

Whitney. No extended survey has been made of them, however, from

which the history of the decline of the water level can be fully made

out. Some of them approach closely to the present water line, and give

evidence of comparatively recent changes in that region. This is also

shown by the interesting facts reported by Prof. Pumpelly, and brought

to light in the excavation of the Portage Canal. Here copper imple-

ments and the copper shoe of a setting-pole were found in the bed of a

channel, whieh, though now dry land, was evidently once filled with

water, and was navigated by the ancient inhabitants of this region.

On the Canadian side of Lake Superior, at Petit Ecris, seven terraces of

sand and gravel rise, one above another, to the height of 931 feet above

the sea level. Their elevations above the Lake are respectively 30, 40,

90, 224, 269, 267, and 331 feet; Terraces in the solid rock, marking old

water lines, have been also noticed in the north shore of Lake Superior

by the Canadian geologists. The ridges of Lake Huron have never been



54 GEOLOGY OF OHIO.

carefully examined, but they are mentioned as occurring in various

places, and at different levels, by Dr. Bigsby and Sir William Logan.

On Owen's Sound three are mentioned, which lie at 120, 150, and 200 feet

above the present level of Lake Huron. At Piette's Harbor two ancient

beaches are found, one at 149, and another at 175 feet above the Lake

;

besides others at lower levels. In many of the lower beaches of Lake

Huron fresh-water shells of species now inhabiting the Lake are found

in great numbers, also human and other bones, twigs, trunks, and the

bark of trees ; in fact, all the things that wash up on the beach and are

buried there in the sand. On the west side of Lake Huron lake ridges

are mentioned by Prof. Winchell as occurring in many places, and old

water lines are plainly traceable, both by ridges and rock terraces, at

Mackinaw. Near Detroit parallel ridges are described as occurring on

opposite sides of the Detroit river, 130 feet above the stream.

The old beaches of Lake Michigan have been studied and described

with much care by Dr. E. Andrews, of Chicago. On the west side of

the Lake the land is usually low, and the highest ridge below Milwaukee

is 54 feet above the surface of the Lake. This sweeps around the south

end of Lake Michigan, and is supposed to be continuous with a ridge

which has an elevation of 140 feet on the east side of the Lake. At the

head of Lake Michigan there are three parallel ridges, with several

broken ones, and many sand dunes formed by the wind. Of these ridges,

the highest is that before mentioned, 54 feet above the Lake. The second

is 15 to 18 feet lower, and the third is just above the water line. The

interesting fact is mentioned by Dr. Andrews, that of the three ridges

on the south shore of Lake Michigan, the highest was formed first, the

lowest next, and the middle one last ; showing that a depression of the

water level took place somewhat suddenly from the upper to the lower

ridge, and that subsequently the water rose again to form the middle

ridge. This is indicated by a bed of peat, which, in places, reaehes from

the upper to the lower ridge beneath the middle one. Dr. Andrews's the-

ory is that this peat bed was formed in a marsh behind the lower ridge,

and was subsequently covered with sand washed from the lower ridge to

form the middle one. The upper ridge, about the south end of Lake

Michigan, is said by Dr. Andrews not to be continuous back of Chicago,

but to form two converging lines, which pass westward on either side of

ah old river bed through which the water of Lake Michigan once flowed

into the Mississippi, precisely as the water of Lake Erie once drained

into the Wabash. Fresh-water shells are also said to be found in the

surface deposits on the Kankakee summit, and these are regarded as
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evidence that Lake Michigan once extended southward over that sum-

mit. If it should prove, as supposed by Dr. Andrews, that the highest

lake ridge at Chicago is continuous with a much higher one on the east

side of the Lake, this will indicate a, great subsidence of the western

shore of Lake Michigan at a comparatively recent date. But the con-

tinuity of these ridges has not yet been demonstrated, and, therefore,

this subsidence cannot be said to be proven. Until this theory shall be

sustained by further evidence, it will probably be safer to suppose that

the highest ridges on the two sides of the Lake are not identical, and

that when the highest ridge in Michigan was formed the Lake over-

topped the barriers that now surround it, and extended far to the south

and west of its present limits, covering all northern Illinois and south-

ern Wisconsin. We may even suppose that it covered the country about

the confluence of the Mississippi and Missouri around St. Louis, and

formed the body of water in which the Loess was deposited. In this

view, the absence of higher ridges around the south end of Lake Michi-

gan would be due simply to the fact that no shore lines were there upon

which they could be formed.

In Ohio the lake ridges can be traced almost continuously from the

line of Michigan to that of Pennsylvania.^ In this series three dis-

tinctly marked ridges are to be seen in a great number of localities, and

several intermediate ones may often be discerned. The local phenomena

presented by these ridges have been described somewhat in detail in

the reports of Messrs. G. K. Gilbert, J. H. Klippart, and N. H. Winchell,

and also in the reports on the different counties through which they

pass—Pulton, Henry, Putnam, Hancock, Seneca, Huron, Lorain, Cuya-

hoga, Lake, and Ashtabula.

In the western counties, where the slope of the watershed is gentle,

the lake ridges are widely separated, strongly marked, and continuous

;

while toward the east, where the land rises rapidly back from the Lake,

they are crowded closely together, are often broken, and on abrupt de-

clivities composed of hard material, are replaced by terraces. In the

Maumee valley the ridges are frequently raised above the adjoining

country, like railroad embankments ; and being well drained and dry,

they are generally chosen as routes for the country roads and as sites for

residences. By Mr. Gilbert ihere are thought to be four lake ridges in

the Maumee valley, of which the altitude, where they are crossed by the

air4ine branch of the Lake Shore and Michigan Southern Railway are

220, 195, 165, and 90 to 65 feet above Lake Erie. Of these, the highest

passes from Adrian, Michigan, through Payette, Bryan, Unity, HicksvilLe,
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and New Haven, to Fort Wayne, where it forms parallel lines on the

opposite sides of the old river which once flowed out of Lake Erie;

thence it passes eastward through Van Wert, Delphos, Findlay, etc.

A higher and equally continuous ridge lies back of this, passing from

Hudson, Michigan, on the left bank of the St. Joseph's river, to Fort

Wayne, and on the south side of the Maumee, running south-easterly

to Lima and Kenton. This ridge he does not consider to be an old lake

beach, but rather a swell of the Erie clay determined by a buried mo-

raine. The conjecture seems very plausible, except that it is hardly

necessary to suppose that a moraine of gravel and bowlders here under-

lies the Erie clay, since this clay—if I am correct in my ideas of its

genesis—when unstratified and a bowlder clay, is itself true moraine

material. It would not be strange if we should find this accumulated in

unusual quantities along certain lines within the lake basin, where the

reach of the glacier was for a long time constant, and where circumstances

were not favorable for its being washed away. The controlling influence

which this St. Mary's ridge—as it is called by Mr. Winchell—has exerted

over the flow of the St. Joseph's and St. Mary's rivers, would seem to in-

dicate that it was a feature in the original topography of the country

when left bare by the retirement of the lake waters.

The second beach of Mr. Gilbert's series runs closely parallel with the

first, and is often confounded with it. The third beach, with an altitude

of 165 feet, passes through Delta, Ridgeville, (Henry county) to Defiance

;

thence eastward to Tiffin. This, also, Mr. Gilbert supposes to be a beach

line traced along the slope of a swell of Erie clay, over a buried moraine

;

a suggestion which I would emend as before. It will be noticed that this

swell—but not the ridge—had the same influence on the courses of the

Tiffin and Auglaize as the former one on those of the St. Mary's and St.

Joseph's.

Mr. Winchell recognizes six parallel ridges in the Maumee valley,

which he names the St. John's, the Wabash, the St. Mary's, the Van
Wert, the Leipsic, and the Belmore ridges; his Van Wert ridge being

identical with Mr. Gilbert's beach No. 1; his St. Mary's ridge_being the

same with Mr. Gilbert's upper moraine, having an altitude of from 354

feet at Hudson, Michigan, to 322 feet at Lima. This is certainly not an

old lake beach, and should not be included in the same category. The

same is true of his higher ridges., the Wabash, 350 to 408 feet, and the

St. John's ridge, 386 to 490 feet above the Lake. These upper ridges of

Mr. Winchell's series are altogether distinct, in their external characters

And in their composition, from the lower ones, and have evidently been pro-



Serolndye. * GiUtU. Oin.1



SUKFACE GEOLOGY. 57

duced by quite different causes. The Wabash and St. John's ridges can

hardly, with propriety, be considered ridges, as they are rather belts

of knolls and hog's-backs, having no distinct continuity, nor uniformity

of altitude ; and they plainly belong to the same category with the gravel

hills of Portage, Summit, Medina, and other counties occupying the more

easterly portion of the watershed. The materials which compose them

are doubtless in part morainie, but they have been rearranged, water-

worn, and rounded, as they would not be by glacial action alone. I have

compared this class of deposits with the kames and eskers of the Old

World, and have considered them the product of breakers dashing over

bars and shoals. The " St. Mary's ridge," which forms the divide between

the St. Joseph's and Tiffin, and the St. Mary's and Auglaize, is as contin-

uous as the lake beaches proper, but it is a gentle swell in the surface,

several miles in width, and is composed mainly of undisturbed Drift

clay.

In contrast with the so-called ridges I have enumerated, the lower

three or four embankment-like elevations which traverse the surface par-

allel with the lake shore are much lower, narrower, and of a more uni-

form level. These are composed of water-washed beach sand and gravel,

and contain, in some places, sticks, leaves, and fresh-water shells ; and

they only are, in my judgment, old lake beaches, washed up along shore

lines, and marking different stages in the elevation of the water surface

of the Lake.

Sometimes, instead of forming narrow embankments, the old beaches

expand into broad sand-fiats, or areas, set with knolls and broken ridges,

some of which are shown in Mr. Gilbert's map of the raised beaches

north of the Maumee river, here reproduced.

The following description of the lake ridges of the north-western coun-

ties is copied from Mr. Klippart's "Report on the Agriculture of the

Maumee Valley," published in the Report of Progress for. 1870, p. 321

:

"A very remarkable feature of the surface of the valley is the distinct outline of

ancient beaches, locally known as ' Sand ridge,' ' Oak ridge,' ' Sugar ridge,' found in

nearly every county. The principal one of these enters Gorham township, in Eulton

county, and passes diagonally in a south-westerly direction, taking in its course the

village of Fayette. In this township the ridge has an elevation ranging from 225 feet

in the north to 220 feet in the south. From here it passes into the north-eastern

corner of Williams county, near the center of Mill Creek township ; thence south-

westerly through the village of Hamar, in West Unity. It here has an altitude of

230 feet above the Lake. Near Pulaski village it has an elevation of about 200 feet.

The towns of Bryan and Williams Center are situated on it. From the latter place it

passes into Defiance county, and is divided into two nearly parallel lines, west of
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Farmer's Center, and continues its course south-westerly through Hicksville into the

south-east corner of DeKalb county, Indiana-; thence southward to a short distance

south ot Fort Wayne, where it has an elevation of 230 feet, and forms the left bank

of the Maumee. On the right bank is a similar ridge, which, entering Ohio at the

south-western corner of Benton township, Paulding county, is traceable south-easterly

to the town of Van Wert, where it has an altitude of 224 feet; thence to Delphos,

where its elevation is 218 feet; thence to Gomer, and so on through Columbus Grove,

Pendleton, Webster, and Benton, to Fort Findlay, in Hancock county. This portion of

the ridge was the first wagon-road from,Fort Findlay to Fort Wayne, and even at pre-

sent is the best road in that region. Being composed chiefly of sand and fine gravel,

with sufficient clay to pack well, and yet sufficiently porous to drain readily, it must

always remain a good road. At Findlay its elevation is 225 feet. It undoubtedly

passes through Marion and Big Lick, in Hancock county, but its outline is here obscure.

There are sand dunes and small hillocks of sand, well mixed with clay, with an out-

line bearing a strong resemblance to a former ridge, through the four townships just

named; but a similar obscure ridge may also be traced from Findlay to Fostoria,

where it assumes a definite form again, with an elevation of 200 feet, and is traceable

in the south-eastern direction through London and Hopewell townships, in Seneca

county. Near Tiffin it has an elevation of 200 feet. From Tiffin it is traced in a

north-easterly direction through Clinton, Pleasant, and Adams townships, where it

leaves Seneca county, and passes into Green Creek township, Sandusky county.

The village of Galetown is situated on it, and is here called the South Ridge road,

leading to Bloomingville, in Erie county, where, for a short distance, its altitude is

less than elsewhere.

"The second ridge passes south-westerly through Richfield township, in Lucas

county ; thence through Fulton, York, and Clinton townships, in Fulton county, and

through Freedom and Ridgeville townships, in Henry county ; thence south through

Adams, Richland, and Highland townships, in Defiance county. At Independence,

two miles east of the town of Defiance, this ridge crosses the Maumee at right angles.

At Ayersville, in Highland township, Defiance county, there is an apparent junction

of two ridges, the outer or oldest passing through Munroe, Farmer, Greensburgh,

Ottumwa, and Blanchard townships, in Putnam county ; Blanchard and Portage, in

Hancock county; the southern portions of Henry, Bloom, and Perry, in Wood
county ; Jackson and Liberty, in Seneca county ; Jackson, Baldville, Sandusky, Riley,

and Townsend, in Sandusky county ; and Margaretta township, in Erie county.

"From Ayresville, in Defiance county, the inner or more recent ridge passes

through Pleasant and Marion townships, in Henry county, and the northern portion

of Van Buren, in Putnam county, to Jackson, Liberty, Center, and Freedom townships,

in Wood county. In the latter two townships it is locally known as the ' Scotch

ridge.' Thence it passes into Woodville and Harris townships, Sandusky county,

where it becomes obscure, or vanishes.

" These sand ridges are usually very narrow, but in places they are spread out over

a considerable area, sometimes one-half to three-fourths of a mile wide. Again, they

form vast dunes, as in Washington township, Henry county.

"The course, or direction, of these ridges is, as a rule, parallel to the shore of the

Lake ; or, in other words, at right angles to the general direction of the most rapid

drainage. As a consequence, this drainage .has been much obstructed, and we not
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unfrequently find a marsh createdby a ridge which presents a barrier to the passage

of water to a lower level."

The lake ridges have not been carefully traced throughout their entire

extent, as this was a task which required more time and money than we
have felt justified in devoting to it; but they have been carefully exam-

ined and mapped in many different localities, and the succession at these

points shows a remarkable correspondence. In some places, where the

topography of the lake shore has been irregular, the ridges are much
broken up and run into each other, in such a way that it is very difficult

to trace them. This has led to some confusion of identity, and has caused

an unwarranted variation of level to be assigned to some of them. On
abrupt declivities, as has been mentioned, these old shore lines are

represented by terraces. A very good example of this is seen at Berlin

Heights, Erie county, where the highlands approach nearest to the lake

shore and the connection of the ridges is broken. Here the base of the

bluff is 60 feet above the Lake, and it shows on its slope three terraces,

at the heights respectively of 100, 150, and 195 feet. Similar terraces

may be seen on the slope of the headland which bounds the valley of the

Cuyahoga on the east at its mouth. Here the old delta of the Cuyahoga

forms a plain, which surrounds the base of the declivity, and is traversed

by a ridge, of which the elevation is about 100 feet. Two terraces are

seen over it, one of which is 165 and the other 210 feet above the Lake.

We, therefore, have here three shore lines, which correspond to those on

Berlin Heights ; the slight differences of level reported in the two cases

being due, perhaps, to irregularities in the surface of the terraces, or differ-

ences in the reading of the barometers employed. The lake ridges be-

tween the Vermilion river and the Cuyahoga have been examined by

Prof. A. A. Wright and myself, and they will be found described in detail

in the reports on the geology of Lorain and Cuyahoga counties ; their

relations will also be seen at a glance by reference to the accompanying

map. It will be noticed that in some instances the ridges curve up into

the valleys of the rivers, as on the Cuyahoga at Cleveland, and the Black

river at Elyria, while, in other instances, they terminate abruptly at the

sides of the valleys, and their bearings are unchanged by these topo-

graphical features. This is noticeable in all the ridges which cross

Rocky river, and in the crossing of all the streams by the lower ridge.

The cause of this is to be found in the general topography of the lake

shore, upon which these old beaches are contour lines, marked by the

shore waves at the water level. The valley of the Cuyahoga was, as we

know, deep and broad near its mouth, and was only partially filled by

the Drift sediments. Hence, when the upper ridges were formed, it was an



60 GEOLOGY OP OHIO.

arm of the Lake, into which the ridges were deflected on the west side,

where the slope was gentle and the material soft. On the east side the

waves raised by westerly winds cut terraces at corresponding elevations.

The valley of Rocky river, near its mouth, is a narrow gorge of quite re-

cent date/and the manner in which the ridges terminate on its margins

show that it had no existence when they were traced on the surface

;

hence we are justified in concluding that all the rock-cutting of the

Rocky river gorge has been done since the ridges were formed. The

fact that the lower ridge runs directly across the delta plain at the

mouth of the Cuyahoga proves not only that the valley was filled to

this point when the ridge was formed, but since this ridge is here un-

derlaid by about 300 feet of Drift deposits, the upper part consisting of

fine laminated clays and stratified sand and gravel, that glaciers could have

had no agency in its formation. The succession of beaches on the west

side, and the terraces east of the valley at Cleveland, are shown in sub-

joined wood-cuts.

PROFILE SECTION OF LAKE B1DGES, CLEVELAND, WEST SIDE.

& 3
.3 oi

A 4 •3.

J
=N 1 _ 5§g|-7-'-*J.-/->

*'-. .** _ A
^~~^-^^^ r̂~^^===z^^^s *

' _ ^yAV^v^jre??"^^^.gnEaSpSggS;

\ n

pfc^fg^^
1. Sand, gravel, and clay. 2. Erie clay, laminated. 3. Erie shale. A. A. Bowlders.

Terraces East of Cleveland,

CLEVELAND
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i. First Terrace, 165 feet above the Lake.

2. Second \Terrace, 210 feet above the Lake.

3. Drift deposits forming the old Delta of the Cuyahoga and filling the old valley.

East of Cleveland the lake ridges continue into Pennsylvania and

western New York, and probably connect with the series observed on the

south shorn of Lake Ontario; for when the water stood at the level of

the lowest of the ridges of Lake Erie, they overtopped the divide which

separates Lake Erie from Lake Ontario. In the counties of Lake and

Ashtabula two distinct ridges are usually traceable, and sometimes one
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or two intermediate ones. Here, as west of the Cuyahoga, the north or

lowest ridge, about 100 feet above the Lake, and another which corre-

sponds to the south or highest ridge of the country west of Cleveland,
and which has an elevation of about 200 feet, are the most constant. I
give below two profile sections of the lake ridges in Lake and Ashtabula
counties, taken from the reports of Mr. M. C. Eead.

Lake Ridges, Ashtabula County.

«. Drift clay. b. Erie shale.

In explanation of the above profile Mr. Read says: "A and B repre-

sent the two continuous lake ridges, averaging in Ashtabula county about
one mile apart. The spaces between them and between the north ridge

and the Lake present to the eye the appearance of level terraces, but they
slope gradually toward the Lake. The records of icebergs in the old

lake, at comparatively recent epochs, are left in the granite bowlders
scattered along the north slope—most abundant on the slope of the

northern ridge." The following sections of the south ridge, takenf by
Mr. Read, give an interesting view of its structure

:

'

PBOEILE SECTION OF SOUTH BIDGE, ASHTABULA COUNTY.

The summit of the ridge at this place is 202 feet above the Lake. No.
1 of the section is composed of water-washed sand and loam, from 4 to 6
feet thick, the maximum thickness being south of the crest of the ridge,
where the sand is stratified in billowy lines, evidently carried by .the

wind from the old beach on the opposite side. No. 2 is yellow clay, and
No. 4 blue clay, the first varying in thickness from to 12 feet, the
latter 20 feet thick to the railroad track. Both these deposits of clay are
unstratified, and are filled with fragments of the local rocks, with many
striated pebbles of metamorphic rock, and no water-worn pebbles or bowl-
.ders. No. 3 is an old swamp, containing fragments of coniferous wood,
the earth deeply stained with iron, and in places containing bog iron ore
at the bottom, the whole now covered with drifted sand. In the opinion
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of Mr. Read, the base of this ridge is an old moraine of bowlder clay, and
such may be its character ; but, as will be seen from the section given
below, taken at the point where the Ashtabula and Jamestown Railroad

cuts through this ridge, its upper portion is stratified, and it is capped
with beach sand. It seems to me more probable that it is a clay terrace,

capped with a ridge thrown up by the shore waves. The old swamp,

. Section of Drift Clays, Ashtabula, 0.

i. Sandy loam, 1-2 ft.

2 Yellow day, with fragments
of shale, 10 ft.

3. Blue clay, with fragments of shale
and boulders, 14 ft.

4. Fine sand—local, 0-3 ft.

5. Coarse gravel—coarsest at bottom,
10 ft.

6. Blue clay, with boulders, 50 ft.

7. Erie shale in place.

with its muck bed and buried timber, is the counterpart of others that

are found behind the ridges in a great number of localities. Similar

swamps may be seen behind the beach ridges now forming along the

present shores of Lake Erie and Lake Michigan.

Profile Section from Lake Erie to Grand River. '

HORIZONTAL SCALE, 1 INCH TO i# MILES.

In his report on Lake county, Mr. Read gives a profile section of the

lake ridges, with the following explanatory notes :

" In Madison township the slope from the Lake rises more gradually than further

west, and the lake ridges are more regular and are better defined. The section given

below reaches from the Lake through Madison Center to the bed of Grand river.
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The bluff of the river is 250 feet above the Lake. An irregular clay ridge is a half

mile north of the bluff. This is 260 feet above the Lake, and is composed of bowlder

clay, with a surface somewhat irregular from the effects of erosion, but gently sloping

to the sandy ridge, D, on which Madison village stands. From this point there is a

rapid descent to the level of the railroad, the incline beyond being so gradual that the

surface appears quite level, until the gravelly ridge, 0, is reached. Between D and

the soil is a gravelly loam, with some clay. Near the ridge, C, it is somewhat swampy.

The general slope fromJB to is very regular, but the surface is much diversified by
sand dunes and stretches of marshy land. The ridge at B is made of fine, water-

washed and drifted sand. The north ridge, B, cpntinues from Madison to Painesville,

and consists of irregular sand dunes, constantly changing in form under the influence

of the wind. Where undisturbed, it is from 10 to 12 rods wide, with a gentle descent

on each side."

SECTION OF SOUTH EIDGE, PAINESVILLE, OHIO.

Coarse unstratified gravel, 12 (feet.

Fine stratified gravel, 4 feet.

>,"•«•.•;;.••;
. ." r °- V.- •• '"'M.

Coarse gravel, obliquely stratified, 6-12 feet.

Fine gravel, with irregular waved lines ofstratification.

ORIGIN OF THE LAKE EIDGES.

In the preceding notes on the lake ridges so much evidence has been

furnished that they are raised beaches, that little more need be said on

this subject. It is, however, necessary that I should make brief reference

to some theories that have been published in regard to the mode of forma-

tion of these ridges, and which are inconsistent with the views I hold.

Of these theories, one is that advanced by Col. Chas. Whittlesey, who has

gathered and published a vast number of interesting facts connected with

the Drift of the Western States, that the lake ridges are sub-aqueous bars

which were formed in the Lake, parallel with the shore, when the water

stood at higher levels than now. The considerations which prevent my
acceptance of this view are : First, that they show too much continuity,

regularity of form, and uniformity of level, to have been produced in the

manner suggested. Sand-bars, as we know, form off the mouths of rivers,

and these, sometimes, have considerable linear extent ; but so far as my
knowledge extends, no sand-bars exhibit anything like the extent, con-
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tinuity, and definiteness of form which we see in the lake ridges. Second,

the materials that compose the ridges are frequently quite coarse, the

stones which they contain sometimes being several inches in diameter,

so coarse, indeed, as to be quite beyond the transporting power of currents

in open water. Where the ridges widen out into knolls and plateaus,

not composed of wind-drifted sand, we may very well suppose such sand-

banks to have been formed by shore waves sweeping over flats or shallows.

But the ridges proper are now under consideration, and these are seen to

run, with almost mathematical .accuracy, as contour lines around all the

irregularities of the topography of the slope on which they were formed.

Their summits are less uniform in altitude than their bases, because in

some places they were built up higher than elsewhere by the wind, just

as we see the sand of the beach now forming at Michigan City piled up
by the wind in hills 175 feet in height. The ridges have been un-

equally eroded, too, in the thousands of years during which they have

been exposed to the action of rain, frost, and wind, since their first forma-

tion.

By Mr. N. H. Winchell all the lake ridges are considered as moraines,

more or less affected by the waves of the Lake. But, as we have seen, he

has placed the kames, the broad ridges of bowlder clay—which may very

well be considered as moraines—and the old lake beaches in the same

category; whereas the narrow, continuous ridges, so constant in level

and so nearly uniform in height—such as the lower three of his series

—

have very little in common with his upper so-called lake ridges, and are

the products of a different cause. That these are not moraines, is plainly

shown by the positions they frequently occupy ; resting, as they do, on

stratified sands and gravel, which would have certainly been broken up

if the glacier had reached to the line of the ridges. It should be remem-

bered that the polished floor of the old ice-excavated lake basin is cov-

ered with thick sheets of unstratified and stratified Drift, and that the

lake ridges—when not terraces—are on the surface of these, and were

formed by agencies acting long subsequent to the departure of both con-

tinental and local glaciers. The force which raised the ridges acted sim-

ply along the water lines formerly existing. It is possible that sheet-

ice floating on the water surface may have contributed to their forma-

tion; and if in former ages the winters, colder than now, had covered

our lakes with sheets of ice five or ten feet in thickness, their expansion

in freezing would have been certain to leave some marks upon the shore,

and we should have had our great lakes walled, as the little ones are now

in Iowa. But in that case rocks and stones would have most sensibly

felt the thrust of the ice, and would have been pushed up into the ridges.
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As a matter of fact, bowlders are almost never found upon the true lake

ridges, but are abundant on the slope between them, where they have

been washed out and left specially conspicuous by the waves which car-

ried away the softer material and piled it Tip in ridges. . We seem, there-

fore, compelled to reject the supposition that ice in any form took, part

in the creation of the lake ridges. Eut we have ample, demonstration

that causes now in operation are abundantly capable of producing just

such
Y
effects. Any one who will visit the head of Lake Michigan will

see lake ridges now forming, and he will also see there older beaches at

higher levels, made in ancient times, precisely as the modern ones are

built up. The present shore of Lake Erie also furnishes similar exam-
ples, one of which I have before cited, viz., that which stretches from

Cedar Point to the main land west of the mouth of the Huron, in Erie

county. This has closed the. former outlet of Sandusky Bay, and will,

eventually, cause the shallow water basin behind it to fill up with sedi-

ment and become a marsh, or peat bog, like so many we find behind the

older ridges. The Atlantic coast affords us innumerable examples of the

formation of lake ridges at the present day. At Old Orchard beach, south

of Portland, Maine, a continuous ridge of Sand, from ten to twenty feet

in height, completely encircles the bay, just back from the water's edge;

and on the sandy shores from New Jersey southward such shore ridges

would be almost constantly in sight to any one who would follow the

coast. Some part of the confusion of ideas which has prevailed' in refer-

ence to the lake ridges has arisen from the fact that they have been con-

founded with terraces, into which they sometimes merge. Thus, the north

ridge, which stretches continuously from the Cuyahoga to Rocky river,

is generally composed of loose material, water-worn gravel and sand, but

in part of its course it is a terrace cut out of the Erie shale, slightly cov-

ered with a coating of gravel. In other .cases, the lake ridges become

terraces in the Erie clay, but they are shore lines all the same, and I find

it hard to believe that any intelligent and unprejudiced observer, who
will carefully examine the facts, will fail to subscribe to the view which
I advanced many years since, that they are the product of shore waves

along lines which mark periods of rest in the descent of the water level

in the lake basins from the altitude it once reached, several hundred feet

higher than now.

THE CAUSES OE THE AECTIC CLIMATE OF THE ICE PERIOD.

The evidences of great alternations of climate during the latest geo-

logical periods are such that few intelligent, persons hesitate to accept

them as proven. Prom the Tertiary deposits of the far north, Alaska,,

5
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Greenland, Spitzbergen, etc., the remains of more than 200 species of

plants have been procured, which show that all the arctic land then en-

joyed a mild climate, and were covered with luxuriant forests, such as

would not now grow on this continent north of the 40th degree of lati-

tude. We have also abundant proof that in the next succeeding age, the

Quaternary, an extreme arctic climate prevailed over most of North
America, and great ice-sheets, if not continental glaciers, reached as far

south as Cincinnati ; subsequently the climate ameliorated, and the gla-

ciers retired to Greenland. Very naturally, when incontestible proof of

these changes had been gathered, much discussion was excited in regard

to their probable causes. This discussion is still going on, and there is

great diversity of opinion on this subject, even among our most learned

and wisest geologists. For the solution of the problem, the most detailed

and laborious investigations have been made, such as required the pro-

foundest knowledge of mathematics, physics, astronomy, and geology. It

is evident, therefore, that anything like a thorough review of the subject

would be out of place in this report of the facts gathered by the Geologi-

cal Corps, and the briefest possible sketch of the present attitude of the

question is all I shall attempt here. So much as that seems, however, to

be required for the gratification of the interest which the facts I have

given may have excited.

Various suggestions have been made to account for the ice period, which
are mere efforts of the imagination; such as the passage of the solar

system through cold spaces in the universe, changes in the position of

the axis of the earth, etc. These, however, have been generally rejected,

as they are destitute not only of all proof, but of probability. Sir Charles

Lyell, perhaps the most sagacious and conservative of modern geologists,

has attempted to explain the alternations of climate to which I have

alluded, by referring them to changes in the distribution of land and
water ; arguing that by the concentration of land about the pole, where

snow and ice could gather in unlimited quantities, and propagate the

cold of which they themselves were the product, arctic conditions might
be brought down as low as during the glacial period. He also claims

that when the opposite condition prevailed in the distribution of land

and water, and the continents were spread out under the tropical sun to

absorb.and disseminate its heat, while an open sea occupied the arctic

regions, glaciers could have no existence in either hemisphere. This

view has been quite generally accepted by geologists, and is that advo-

cated by our highest.American authority in physical geology, Prof. Dana.

The conviction, however, has, of late years, been gaining ground, that

.this., theory was, inadequate
, to account for the stupendous changes, of
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which we have record, and geologists arid physicists have been reaching

out for some broader and more powerful influence than any terrestrial

changes could produce. The objections to Lyell's theory are simply its

insufficiency ; and while no one questions the fact that very considerable

changes of climate could be produced by altering the arrangement of con-

tinents and seas, it seems hardly possible that so great variations of cli-

mate as those under consideration could be effected by the most radical

re-distribution of territory. The advocates of Sir Chas. Lyell's view hardly

realize, as it seems to me, that if the land surface of the globe was con-

centrated in a belt in the tropics, the distribution of heat from the tropics

to the poles would be almost exclusively through the medium of the

atmosphere, for the great system of oceanic circulation which now pre-

vails would then be totally abrogated. But it is more than doubtful

whether much heat could be carried from the tropics into the arctic re-

gions through the agency of the winds, since the upper strata of the atmos-

phere are very cold, and heated air rising from the tropical land would

soon be cooled, and thus the influence of such land could not reach far,

either north or south. It seerris to be well established, also, that the pres-

ent diffusion of tropical heat is chiefly through the agency of ocean cur-

rents, such as the Gulf stream, and these ocean currents all spring from

a great equatorial current which passes from east to west across the

Atlantic and Pacific oceans. From this, branches, which are great ocean

rivers of warm water, fioW off north and , south, forming circles in each

half of each great ocean. The motive power of this system of oceanic cir-

culation is apparently derived from the equatorial belt of trade-winds,

which derive their motion, from east toward the west, from the slight

lagging of the atmosphere in the rapid rotation of the earth's surface.

Hence it is evident that if we were to fill the interval between the tropics

of Capricorn and Cancer with land, the transfer of heat through this me-

dium would be arrested.

Another argument against the Lyellian hypothesis may be drawn from

observed geological facts. As I have before stated, the proof is abundant

that in the Miocene Tertiary epoch a warm-temperate climate prevailed

as far north as the shores of the Arctic sea. But we know that at that

time the land area in the arctic regions was scarcely less extensive than

now 5 and that the outlines of the central and southern portions of the

continent have changed but little since then. Hence we are justified

in saying that no changes in the land area of North America have taken

place since the Tertiary age which could be regarded as the cause of the

great changes of climate which are distinctly recorded in the Quaternary.

It may also be said that no stronger confirmation of Lyell's theory can be
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drawn from the geological facts observed in the Old World. We are, there-

fore, apparently driven to seek a solution of the problem in some extra-

terrestrial or cosmical cause. ' One has been suggested, in the variation

in the eccentricity of the earth's orbit, which places the subject in an
altogether new light, and promises, at least, to lend important aid in fe-

- moving the obscurity which has hitherto hung over it. This suggestion

was first made by Sir John Herschell, but it has been recently advocated

with so much originality and force by Prof. James Croll, of Glasgow, that we
may almost consider him as its author. At the instance of Prof. Croll, Mr.

Storie ;

, of the Greenwich Observatory, made careful determinations of the

eccentricity through several millions of years, running forward and back-

ward from the present time. It was thus ascertained that it passed, at

remote intervals, through maxima and minima of considerable magni-

tudes. During the period of the greatest eccentricity, the earth, in aphel-

ion, would be about 100,000,000 miles from the sun, or over 8,000,000

further than now, while in its perihelion it would be proportionally

nearer.' As the amount of heat received by the earth from the sun

would be the same in its maxima and minima of eccentricity, it might

be supposed that the climate would not be affected by this cause ; but

when the precession of the equinoxes is taken into account, it can be

shown that the winter in the northern hemisphere was sometimes thirty-

- six days longer' than the summer ; the heat received being, during the

winter, one-fifth less than now. Hence, though the summer was one-fifth

hotter, it was not sufficiently long to melt the snow and ice of winter

;

and thus the effects of the cold winter might be cumulative* in each

hemisphere through what may be called the winter half of the great year

(of 21,000 years) produced by the precession of the equinoxes. , Prof.

Croll estimates that the influence of extreme eccentricity, acting in the

manner described, might be sufficient to depress the average annual tem-

perature of London 40° Fahrenheit, and thus produce an arctic climate.

We have space only for the results and not for the processes of Prof.

Croll's theory, but the subject will be found discussed in great detail in

his papers published in the London and Edinburgh Philosophical Magazine

1867 to 1871. It is but fair to state that Prof. Croll's conclusions have

* This effect would be the result of the difficulty with which ice is melted when
once formed. It requires eight tons of rain, at 58° Fahrenheit, to melt one ton of ice

;

and large bodies of ice, in melting, surround themselves with vapors which intercept

the sun's rays and retard the melting process. Such vapors rising to the height of a

few hundred or, at most, a few thousand feet, are congealed to, snow, to be remelted;

or to pass into neve, and thence into ice again. Thus they become both active and

passive agents in preventing ibe melting of ice fields.
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been questioned by high authority ; but it is also true that they have,

been received with much favor by both geologists and physicists, and

have been generally accepted as affording a rational and plausible exr

planation of phenomena which have hitherto been regarded as inexpli-

cable and mysterious.

THE CAUSE AND MANNER OF MOTION IN GLACIERS.

The theory that a great ice-sheet once covered much of North America,

and moved from the north southward, has been opposed by the argument

that there was no declivity down which it could flow; that is, that the'

surface over which it has been traced was too nearly level and too irregu-

lar to permit a glacier to pass over it moved by gravity; and that ho other

vis a tergo could have caused its motion. To which it maybe replied,

that the record of the existence and reach of one or several great ice-

sheets stands graven in solid rock, and is indisputable. Also, that the

altitude of the northern highlands has, as we know, been greatly reduced,

largely by the action of the glaciers themselves; and further, that the

relative levels of different portions of the glacial track may have been

changed by local subsidence or elevation. It should also be said that

ice is not an inflexible solid, like wood or stone, but that it is endowed

with a plasticity that makes it comparable rather with resin or pitch.

This is shown by the manner in which it flows through valleys, expand-

ing and contracting according to the nature of the channel, flowing faster

at the surface than at the bottom and sides ; in short, behaving as water,

does in similar circumstances. If piled high enough, even on a plain, ice

would unquestionably spread and sink by its own weight. If with a de-

pression of temperature snow were now to accumulate to the depth of

several thousand feet on the Canadian highlands, it would be compacted

below into ice> which would be pressed out on all sides, unless some im-

pediment restricted its flow. If impediments resisted its motion in cer-

tain directions, it would flow toward the point of least resistance. Dur-

ing the ice period the movement of the ice toward the north was pre-1

vented by a continuous ice-sheet, held in adamantine solidity by perpet-;

ual cold ; while toward the south it was softened by a mild temperature,

and in certain directions no impediment lay in its way, except irregu-

larities of the surface, which were relatively small. Hence it flowed out

in these directions to points where it was melted.

The manner in.which ice flows has been discussed with more prolixity

and bitterness than perhaps any other problem in physics. By Princi-

pal Forbes the practical plasticity of ice was, called a viscosity; in other

words, a freedom of motion of the particles on themselves, as in piteh;
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while Prof. Tyndall claims that the change of form in ice is effected

by fracture and regelation ; ice having the peculiar property of reuniting

in a solid mass when fractured and the separated surfaces brought to-

gether again in water. It has been generally supposed that the position

taken by Prof. Tyndall had been demonstrated to be correct, but ice

sometimes exhibits a change of form where regelation seems impossible.

For example, Dr. Kane describes, in his Arctic explorations, a sheet of ice

eight feet thick, resting on supports twenty feet apart, which curved down-

ward five feet, although the mercury was constantly far below the freezing

point. This seems to be an experimentum cruets, and shows that ice is

Gapable of undergoing a change of form through a rearrangement of its

molecules without fracture and regelation. This will not seem surprising

when we reflect that most solids exhibit the same property in a greater

or less degree; even iron and steel, which may be permanently bent

without fracture, show a change of form through a molecular rearrange-

ment. The motion of glaciers is undoubtedly effected partly by sliding,

partly by fracture, and in part also by a true plasticity or molecular

change of form in the ice which composes them.

DRIFT GOLD.

Gold has unquestionably been found in the Drift in a large number of

localities in Ohio and Indiana. My attention was first called to it many
years since by Prof. L. H. Smith,, then of Kenyon College, who showed

me scales of gold taken from the Drift near Bellville, in Knox county.

Since the organization of the Geological Survey I have received a num-

ber of additional specimens obtained from the surface deposits in the

same region. It occurs in very fine particles, and is associated with beds

of clay; sand, and gravel, of which the latter is largely composed of.quartz

pebbles. These may have been derived from the Waverly conglomerate,

which has here been very extensively eroded. In the adjoining county

of Licking, Prof. Andrews reports finding gold in the Drift at several

points. He mentions that

—

"In the summer of 1868 gold dust of the value of seventeen dollars was washed

out of fine drift material, in a little gully, well up the hill-side, on the farm of Daniel

Drum, Bowling Green township, a mile north of Brownsville. The largest grains

were reported to be of the size of a wheat grain. * * Near Newark, and north of the

high grounds which divide the waters of the Licking river from those of the Moxa-

hala and its tributaries, are other and larger deposits of gold-bearing sands. The

place examined by me was one and a half miles south-east of Newark. Here is a

range of Drift terraces, about fifty feet above the bed of the Licking river. These
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terraces are cut through by small streams from the hills to the south, and in the nar-

row ravines the gold is obtained from the sand and clays. The terraces contain also

bowlders of granitoid rocks, quartzite, and small pebbles of white quartz. Bowlders

of limestone, containing fossils of the Niagara and Clinton group, were also found in

the terraces. The quantity of gold is small, but in my own experiments nearly every

panful of dirt showed the 'color.' Mr. Jacob Shock, jeweler, of Newark, reports

finding gold in small fragments of quartz."

—

Report of Progress, 1869.

Prof. Orton also reports the finding of gold in the bowlder clay of

south-western Ohio. He says

:

" It can be gathered in flakes from the surface of the clay and panned from the

gravel derived from the clay. * * The total amount cannot be insignificant, but the

percentage certainly runs very low. The working of beds of clay and gravel which

have had such a history as our Drift formations as gold-bearing deposits, is, of course,

preposterous, but just this has lately been attempted in Clermont county. A few

years Bince the ' Clermont County Gold Mines ' attained a short-lived, neighborhood,

and newspaper notoriety. One or two thousand dollars in cash, and more than this

in labor, were expended in ill-judged schemes, without other results than bringing

into circulation a few score dollars' worth of Clermont county gold. * * From
what has already been said, it will be seen that Clermont county has no monopoly of

the gold-bearing formation of Ohio. This formation should be named the 'Drift

gold field,' rather than the ' Clermont county gold field.' All of the counties of south-

western Ohio certainly share in its treasures, and without doubt one locality is as

good as another, where gravels are found that have been washed from the bowlder

clay. The best results thus far known to have been obtained in gold-mining in Ohio

are reported for Warren county, where in one day gold to the value of six dollars was

obtained-by an outlay of ten dollars ; a half-dozen days' work being also thrown in."

Prof. John Collett, in his report on the geology of Warren county, In-

diana (Fifth Annual Report Geological Survey of Indiana, 1873, p. 224),

speaks of the occurrence of gold in the Drift as follows :

" At Gold Branch of Pine creek, north-west quarter section 23, township 22, range 8,

on a gravel bar formed of the debris washed from the bowlder clay, a quantity of

gold, reported at seventy dollars, was collected. An energetic Californian can pan

out from one dollar to one dollar and a quarter per day at this and several other

gravel bars in the county. An equal amount of labor expended at any ordinary avo-

cation will bring better returns."

The occurrence of gold in the Drift of Ohio should not be a matter of

surprise, but it would rather be strange if it were not found here. It is

well known that a large part of the materials composing the Drift is

derived from the Canadian highlands. These are mainly formed of Lau-

rentian rocks, which are every where traversed by auriferous quartz veins.
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Some hundreds, perhaps thousands, of feet have been taken off the Lau-

rentian hills, and ground up and distributed over all the Drift area.

The gold contained in this mass has shared the fate of the associated

minerals, has been finely triturated, and has been carried as far as the

glaciers reached. As the various conglomerates contained in the Carbon-

iferous series have obtained their quartz pebbles from the same region

which supplied those of the Drift, it is almost certain that gold is con-

tained in all of them. As these rocks have been eroded, they may also

have contributed something to the large aggregate quantity of gold dis-

seminated through our superficial deposits.

. ORIGIN OF THE GREAT LAKES.

The question of the origin of the great lakes is one that requires more

observation and study than have yet been given to it, before we can be

said to have solved all the problems it involves. There are, however,

certain facts connected with the structure of the lake basins, and some

deductions from these facts, which may be regarded as steps already taken

toward the full understanding of the subject. These facts and deductions

are, briefly, as follows

:

1st. Lake Superior lies in a synclinal trough, and its mode of forma-

tion, therefore, hardly admits of question, though its sides are deeply

scored with ice-marks, and its form and area may have been somewhat

modified by this agent.

2d. Lake Huron, Lake Michigan, Lake Erie, and Lake Ontario are

excavated basins, wrought out of once continuous sheets of sedimentary

strata by a mechanical agent, and that ice or water, or both.

That they have been filled with ice, and that this ice formed great

moving glaciers, we may consider proved. The west end of Lake Erie

may be said to be carved out of the Corniferous limestone by ice action;

as its bottom, and sides, and islands—horizontal, vertical, and even over-

hanging surfaces—are all furrowed by glacial grooves, which are parallel

with the major axis of the Lake.

AH our great lakes are probably very ancient, as, since the close of the

Devonian period, the area they occupy has never been submerged be-

neath the ocean, and their formation may have begun during the Coal

Measure epoch.

The Laurentian belt, which stretches from Labrador to the Lake of the

Woods, and thence northward to the Arctic sea, forms the oldest known

portion of the earth's surface. The shores of this ancient continent,

then high and mountainous, were washed by the Silurian sea, where the
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debris of the land was deposited in strata that subsequently rose to the

surface, and formed a broad, low margin to the central mountain belt
';

just as the Cretaceous . and Tertiary strata flank the Alleghanies in the

Southern States.

In the lapse of countless ages, all the mountain peaks and chains of

the Laurentian continent have been removed and carried into the sea,

and this has been done by rivers of water and rivers of ice. That these

mountains once existed there can be no reasonable doubt, for their trunc-

ated bases remain as witnesses, and it is scarcely less certain that

glaciers have flowed down their slopes, of sufficient magnitude and reach

to deeply score the plain which encircled them.

It will be noticed that all the great lakes of the continent hold certain

relations to the curving belt of Laurentian highlands.

Some of them are embraced in the foldings of the Eozoic rocks, and nil

synclinal troughs; but most of the series, from Great Bear Lake to Lake

Ontario, exhibit the same geological and physical structure, and are

basins of excavation in the Palaeozoic plain that flanks, in a parallel belt,

the Laurentian area. Few of us have any conception of the enormous

general and local erosion which that plain has suffered. Those who will

take the trouble to examine the section across Lake Ontario, from the

Alleghanies to the Laurentian hills of Canada, and compare it with the

other sections in the Lake Winnepeg district, radial to the Laurentian

arch, given by Mr. Hind in his report on the Assinniboin country, will

be sure to find the comparison interesting and suggestive; suggestive

especially of a community of structure and history, and of an insepara-

ble connection between the lake phenomena and the topographical

features of the Laurentian highlands, flanked by the the Palaeozoic plain.

In estimating the influences that might have affected the number and

magnitude of glaciers on the' sides of the Laurentian mountains, it

should not be forgotten that the Cretaceous sea swept the western shore

of the Palaeozoic and Laurentian continent, from the Gulf of Mexico to

the Arctic ocean ; and whether we consider this sea as a broad expanse

of water simply dotted with islands, or a strait traversed by a tropical

current, we have in either case conditions peculiarly favorable to the for-

mation of .great glacial masses of ice, i. e., a broad evaporating surface of

warm water swept by westerly winds, that carried all suspended moisture

immediately on to a mountain belt, which served as a sufficient con-

denser.

This, at least, may be positively asserted in regard to the agency of

ice in the excavation of the lake basins, that their bottoms and sides^

wherever exposed to observation, if composed of resistant materials, bear
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indisputable evidence of ice action
;
proving that these basins were filled

by moving glaciers in the last ice period, if never before, and that part,

at least, of the erosion by which they were formed is due to these gla-

ciers.

No other agent than glacial ice, as it seems to me, is capable of exca-
'

vating broad, deep, boat-shaped basins, like those which hold our lakes.

If the elevation of temperature and retreat northward of the glaciers

of the lake basins were not uniform and continuous, but alternated with

periods of repose, we should find these periods marked by excavated

basins, each of which would serve to measure the reach of the glacier at

the time of its formation; the lowest basin being the oldest, the. others

formed in succession afterwards. Such a cause would be sufficient to

account for any local expansions of the troughs of the old ice rivers.

Where glaciers flow down from highlands on to a warmer plain, the

excavating action of each ice mass must terminate somewhat abruptly in

the formation of a basin-like cavity, beyond which would be a rim of rock,

with whatever of debris the glacier has brought down to form a terminal

moraine.

.

When glaciers reach the sea, the great weight of the ice masses plows

up the sea bottom out to the point where the greater gravity of water

lifts the ice from its bed and bears it away as an iceberg.

If it is true, as the facts I have cited indicate, that our lakes are but

portions of great excavated channels locally filled with Drift material,

the fiords of .the northern Atlantic and Pacific coast present remarkable

parallels to them ; and I would suggest Puget's Sound, Hood's Canal, and

other portions of that wonderful system of navigable channels about

Vancouver's Island, as affording interesting and instructive subjects for

comparison. Like our lakes, these channels are for the most part exca-

vated from sedimentary strata which form a low and comparatively level

margin to the bases of mountain chains and peaks. They, too, have their

depths and shallows, their basins and. bars, and probably all who have

seen them will assent to Prof. Dana's view, that they are the " result of

gubserial excavation," in which glaciers performed an important part.

There can be no doubt that the basin of each of the great lakes has

feeen produced by a local glacier, and that the great ice-sheet which ex-

isted during the period of intensest cold, moving as a solid, continuous

mass of great thickness, from north to south, would have the effect to

obliterate rather than form such local troughs. Our lake basins must,

therefore, have been formed before or after the continental glacier, or both

before and after. Probably the latter is the true statement of the case.

We find on the south shores of Lake Erie and Lake Ontario proof that



SURFACE GHEOLOGY. 75

the great glacier moving from the north encountered here a high ridge,

which, though altogether the result of erosion, seems to have had an

anterior existence ; since the ice rose up its northern side, planed all the

slope, and curved round and embraced its irregularities as though it fol-

lowed rather than fashioned the topography. In the excavation of the

Lake Erie basin the glacier by which it was formed moved in the line

of its major axis from Buffalo to the islands. In the immediate basin of

the Lake the rocks are all planed, scratched, and sometimes deeply fur-

rowed in this direction; while on the plateau between Lake Ontario

and Lake Erie the bearing of the marks is nearly north and south.

That the depths of the basin were not excavated by the glacier which

produced these last named grooves is certain, from the fact that the east

and west grooves prevail almost exclusively on the islands and on the

immediate shore of the Lake ; the north-south furrows being very rarely

visible, and where the two systems are seen together, the east and west

• grooves seem to be the most recent.

The central and eastern portions of the bed of Lake Erie were once

occupied by quite soft rocks—Hamilton, Genesee, Portage and Chemung,

and Waverly. Of these, more than a thousand feet in thickness were

removed; and this portion of the basin was cut, to what depth we,do not

know, as it is much silted up, but certainly much deeper than elsewhere.

When, however, the glacier which excavated the basin reached the Cin-

cinnati arch it encountered a massive barrier of hard rock, which offered

an obstinate resistance to its erosive action, and caused it to rise more

than 300 feet above its eastern level. This barrier has been deeply

scored, and the islands of the Lake have been wrought out of the solid

beds of the Corniferous and Helderberg limestones. As I have men-

tioned elsewhere, previous to this time the basin of Lake Erie was tra-

versed by a deep river channel, into which the profound gorges of Grand

river, the Cuyahoga, etc., lead. Doubtless this river valley guided the

excavation of the Lake Erie basin, as it did that of Lake Ontario. It

traversed the area of the latter Lake nearly east and west, and connected

with,the Hudson through the Mohawk gap.

After leaving the basin of the present Lake, the Erie glacier was

deflected toward the south, and apparently flowed down the course of

the Wabash. The following table gives the bearings of the furrows made

by the Lake Erie glacier at different points

:
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BEARINGS OF GLACIER FURROWS.

Locality. Bock. Number Ob
sekvations.

Beaking.

Limestone, Waterlime Group.
tt <» n

" Oorniferous "
tt i. a

" Waterlime "

and

Many.
1

4
2

1

2
Many.

1

5

4
1

1

1

1

3
2

S. 80° W.
" intersecting series

Kelly's Island
S. 15° W.
S. 78° W.

Sandusky Citv, Erie Co 8. 80° W.
Ballville .". S. 65° W.

S.65°W.
Limestone, Waterlime Group.

it 11 ii

" ' and Sandstone
Oorniferous Groups

S. 80° W.
" intersecting series S.,

S.50°W.
Limestone, Waterlime Group.

" Oorniferous "
U 11 11

S. 62° W.
S. 55° W.
S. 50° W.
S. W.

Near Junction, Paulding Co... Limestone, Oorniferous Group
" Waterlime "
u it ii

S. W.
S. 35° W.
S. 15° W.

The glacial markings on West Sister Island, as shown by Mr. Gilbert,

demonstrate that the motion of the ice was from east to west. In the

Waterlime of which this island is composed are numerous balls of chert

which have been exposed to the action of the glacier. We now find these

projecting from the general surface much more strongly on their eastern

than on their western sides, and from each a ridge or trail of limestone

which they have protected from erosion runs off toward the south-west.

Around the eastern base of each nodule is a deeply excavated furrow,

which leads off on either side of the ridge just mentioned. Occasionally

these flint nodules are cracked and battered, as they could hardly have

been except by the action of bowlders, which, held by the ice, had come

in contact with them. The exceeding fineness of the sculpture around

these nodules, as well as in many of the longitudinal furrows, prove that

the erosion was generally done, not by stones held in the ice, but rather by

sand, which, frozen into the plastic ice, was capable of executing any sort

of carving and modeling with the greatest accuracy. The glacial furrows

on Kelly's and Put-in-Bay Islands have been often referred to, and are

more surprising for their magnitude, extent, and variety than any

others known in the country. In the fossiliferous limestone of Kelly's

Island the glacial surface is thickly mottled with sections of corals and

other fossils. These are ground down, often as nicely as they could be

done by hand, and show distinctly that sand, under the ice, must have

been the grinding agent. In many localities on these Islands the gla-

cial furrows curve around any prominent point or rock mass which was
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encountered by the glacier in its motion. These prove that the ice was

plastic, and folded itself around any opposing body. Near the south

point of Put-in-Bay Island is a nearly vertical wall—now partly quar-

ried away—which is distinctly beaded by the ice; and in one place,

where a softer layer had worn faster than the others, a horizontal furrow

with a > shaped section was produced in this wall, and the upper sur-

face is as distinctly glaciated as the lower. These and many other exam-

ples of ice-carving, visible on these islands, demonstrate the truth of the^i

theory that the lake basins were excavated by glacial action, and not, as

has been urged by some geologists who have not seen these markings, by

icebergs.

The sequence of events in the formation of the great lakes seems to

have been somewhat as follows

:

1st. The Laurentian belt, north of the great lakes, has been a land sur-

face since the beginning of the Palaeozoic era, was formerly a high moun-

tain range, the degradation of which has supplied the mechanical materi-

als which compose the sheets of Palaeozoic rock that surround it. The
erosion of these highlands has continued uninterruptedly till the present

day, and was specially rapid during the ice period. The result has been

that this mountain range has been almost entirely worn away, the trunc-

ated bases of the various arches and uplifts which compose it alone Te-

maining to testify to its existence.

2d. The country lying between the Atlantic and Mississippi has been

above the sea since the close of the Carboniferous period, and during the

succeeding ages the general plan of its topography and its system, of

drainage have remained the same. Since it emerged from the seas, this

area, too, has been constantly suffering erosion, and its lines of drainage

have been more and more deeply inscribed upon it.

3d. Previous to the glacial period, the elevation of this portion of the

continent was considerably greater than now, and it was drained by a river

system which flowed at a much lower level than at present. At that

time our chain of lakes—Ontario, Erie, and Huron—apparently formed

portions of the valley of a river which subsequently became the St. Law-

rence, but which then flowed between the Adirondacks and Appalachians,

in the line of the deeply buried channel of the Mohawk, passing through

the trough of the Hudson and emptying into the ocean eighty miles

south-east of New York. Lake Michigan was apparently then a part of

a river course which drained Lake Superior and emptied into the Mis-

sissippi, the Straits of Mackinaw being not yet opened.

4th. With the approach of the cold period, local glaciers formed on the
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Laurentian mountains, and, as they increased in size, gradually crept down
on to and began to excavate the plateau which bordered them on the west

and south. The excavation of our lake basins was begun, and, perhaps

in large part, effected in this epoch.

5th. As the cold increased, and reached its maximum degree, a great

ice-sheet was formed by the enormously increased and partially coales-

cing local glaciers of the former epoch. This many-lobed ice-sheet, or

compound glacier, moved radiatingly from the south, south-west, and
western slopes of the Canadian highlands ; its Ohio lobe reaching as far

south as Cincinnati. The effect of this glacier upon Lake Erie and Lake
Ontario would be to broaden their basins by impinging against and grind-

ing away, with inconceivable ' power, their southern margins. To the

action of this agent we must ascribe the peculiar outline of the profile

sections drawn from the Laurentian hills across the basin of Lake Ontario

to the Alleghanies, and across that of Lake Erie to the highlands of Ohio,

viz., a long, gradual slope from the north to the bottom of the depression,

and then an abrupt ascent over the massive and immovable obstacle

against which the ice was banked, until, by the vis a t-ergo, it overtopped

the barrier. In New York that barrier was a shoulder of the Alleghanies,

too high and too rugged to be buried under a continuous ice-sheet; but its

whole front was worn away for a hundred miles or more, and it was deeply

creased where now we see the peculiarly elongated lakes of New York,

and cut through, in certain gaps, to the valley of the Delaware. In Ohio

the erosion was easier, and carried further south. The barrier was also

lower, and was finally overtopped by one great lobe of ice which flowed

on to the south and west until its edge reached the Ohio river.

The extent of the erosion produced in the epoch under consideration

will be best appreciated by one who will stand on the cut edges of the

great series of rocks exposed on the southern slopes of Lake Erie and

Lake Ontario, and in imagination fill the vast vacuity which separates

him from the base of the Laurentian hills.

6th. With the amelioration of the climate the wide-spread ice-sheets

of the period of intensest cold became again local glaciers, which com-

pleted the already begun work of cutting out the lake basins. At first

the glacier which had before flowed over the watershed in Ohio was so

far reduced as to be unable to overtop its summit, but deflected by it, it

flowed along its base, spending its energies in cutting the shallow ba-

sin in which Lake Erie now lies.

A farther elevation of temperature curtailed the glacier still more, and

Lake Erie became a water basin, while local glaciers, left from the ice-
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sheet, excavated the basins of Lake Michigan, Lake Huron, and Lake

Ontario. The latter lake was apparently formed by the same glacier

that made the Erie basin, but when much abbreviated. It flowed from

the Laurentian hills and the north slope of the Adirondacks, and was

deflected by the highlands south of the lake basin, so that its motion

was nearly westward. This chapter in the history of our lakes was ap-

parently a long one, for Lake Superior, Lake Michigan, Lake Huron, and

Lake Ontario are all of great depth.

7th. The melting of the glaciers was accompanied, perhaps occasion-

ed, by a sinking of the continent, which progressed until the waters

of the Atlantic flowed up the valley of the St. Lawrence to Kingston,

and up the Ottawa to Arnprior. (Dawson.) The valleys of the St. Law-
rence and the Hudson were connected by way of Lake Champlain, and

thus the highlands of New England were left as an island. It is also

possible that the sea-water penetrated to the lake basin through the

valley of the Mohawk and through that of the Mississippi, but of

this we have no evidence in the presence of marine fossils in the sur-

face deposits. The great area of excavation in which the lakes lie was

probably at this time filled to the brim with ice-cold fresh water, and this

flowing outward through all the channels open to it may have been suf-

ficient to prevent the entrance of the arctic marine mollusks, of which
the remains are so abundant in the Champlain clays of the St. Lawrence
valley and the Champlain basin.

8th. When the continent was again elevated, and the water of the

inland sea was drained away, the Mohawk channel was found dammed
up with Drift, and a new line of drainage was established through the

valley of the St. Lawrence. It is almost certain also that the elevation

of the continent which took place after the Champlain epoch was not

uniformly equal over all the country lying between the Atlantic and the

Mississippi ; for we find that the drainage of the lake system has been

flowing in different directions at different times; now over barriers

1000 feet above the level of the sea from Lake Erie into the Ohio, and
again, through outlets much lower, from Lake Erie to the Wabash, and
from Lake Michigan, by several channels, into the Illinois and Missis-

sippi. These great changes may have been effected by warpings of the

earth's crust

—

i. e., local elevation, or subsidence—or .by the successive

removal of ice-dams—glaciers—which occupied and obstructed different

portions of the great interior basin. We may also find records here, as

some geologists do in Europe, of great alternations of climate in the im-

mensely long Quaternary age ; and these alternations, building up and
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removing ice-dams, may have produced the great changes in our drainage

system of which the evidence is so unmistakable. The accompanying

map, which is compiled from data furnished by Dawson, Logan, Whit-

tlesey, and my own observations, will probably aid in making the views

advanced on the preceding pages a little more intelligible than they

would otherwise be.
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CHAPTER XXXI.

THE CARBONIFEROUS SYSTEM.

A brief sketch of the various groups of strata which compose the great

Carboniferous system has been given in the first volume of this Report.

These will now be described somewhat more in detail, in order that our

citizens may have a more exact and comprehensive knowledge of the

composition and extent of this, the most important of the formations

represented in the geology of our State.

It is known to most persons that the name Carboniferous, or coal-bear-

ing, was given to this group of rocks from the fact that they include in

Europe and America extensive deposits of mineral fuel, which not only

constitute a marked feature in the formation, but have great economi-

cal value, and have played a most important part in the development of

our modern civilization* The name Carboniferous is, therefore, not ill-

chosen, but it is liable to mislead, since the Devonian shales, in the Uni-

ted States, hold quite as large a quantity of ca-bonaceous matter as is

contained in our Coal Measures ; and in China, India, and Western Amer-
ica beds of coal occur in Mesozoic and Tertiary rocks Which, in thickness

and lateral extent, are not surpassed by our Carboniferous coal strata,

while in these countries little or no coal occurs in rocks older than those

mentioned. Hence, if geology had been first studied in China, a Carbon-

iferous system would probably have been given a place in the geological

column, but it would have been put at a higher level than it holds in

our series.

'

The Carboniferous system, known as such among our geologists, is

usually regarded as one of the most distinctly defined of all the great

groups of rocks, and yet in fact the lines which are now drawn to separate

it from the Devonian below and the Permian above are as ; shadowy as

any others that divide formations in the geological series.

In England there has been much discussion as to where the lower

limits of the Carboniferous system should be fixed, and there is still

great difference of opinion as to how much of the Yellow sandstones of

Ireland and the Upper Old Red Sandstone of Scotland should belong to

the Devonian, and how much to the Carboniferous group. In our own
country a similar difficulty has been encountered. The relations of the

6
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Waverly group have been a fruitful source of discussion for many years,

a discussion which, as will be shown further on, we have been able to

bring to a conclusion by demonstrating that this is an integral portion

of the Carboniferous system. The relations of the Waverly to the Cats-

kill and Chemung rocks are, however, not yet accurately determined,

and it is plain to see that it will not be easy to harmonize views on this

subject. As I have suggested in the geological portion of Volume L, we
have,.at what is now regarded as the base of the Carboniferous system, a

great mass of mechanical sediments—the Waverly group. This is the

lowest member of a trinity of deposits—the Carboniferous limestone

being the central, the Coal Measures the upper member. These form

one of the great circles of deposition which compose all the systems of

sedimentary rocks, each of which is the product of a distinct invasion of

the continent by the ocean. But the Waverly sandstone series is under-

lain by the Catskill, the Chemung, and the upper half of the Portage

group, which also form a mass of mechanical sediments. Much more

study of this group of strata will be required before their relations to

each other, or to the rocks above, can be accurately determined. As I

have remarked elsewhere, the Gardeau and Cashaqua shales of the Por-

tage group have nothing in common with the P«rtage sandstones above,

while their lithological and zoological affinities with the Hamilton

below are such that they should be properly united with that formation.

I have also suggested that since a great physical change occurred at the

epoch of the deposition of the Portage sandstones—and this was appar-

ently the beginning of a new geological cycle, and one of which the Car-

boniferous age was the continuation—the Portage sandstone might be

with propriety considered the base of the Carboniferous series. This

proposition was made not for the purpose of harmonizing the facts with

a preconceived theory of circles of deposition, but because both the phy-

sical and zoological evidence favor the union. The physical evidence is

much in itself, since all the great material changes through which our

continent has passed—of elevation, of depression, of heat and cold, alter-

nations of land, and shore, and sea—have left lithological records which,

if carefully studied, will be found to be as legible and reliable as those

formed by organic remains. Indeed, the two histories are not only har-

monious, but are so interdependent that each is indispensable to the

proper understanding of the other.

The significance of the sequence of sediments which is observable in

what I have termed circles of deposition, is such that no one can be blind to

it and yet read correctly the history of our stratified rocks. The molluscous

fauna of the Chemung is much more closely allied to that of the Carbonifer-
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ous than to that of the Hamilton. This is shown by the great development

of the families which include Productus and Productella, Aviculopecten, Palse-

oneilo, etc., in both the Chemung and Waverly. These constitute a fauna

which in all its more prominent characteristics is common to both, serv-

ing at the same time to bring them together, and separate them from the

underlying Devonian strata. This similarity of fauna is such that it led

Prof. Hall to unite the Chemung and Waverly long before their strati-

graphical relations were ascertained, and it has been the cause of much
of the protracted discussion, which has taken place over the age of the Wa-
verly. I think it may be safely said, that if the question could be disem-

barrassed of all complications, all intelligent palaeontologists would agree

that the fauna of the Chemung and Waverly belong to one zoological

age, and that their differences are only such as would naturally charac-

terize epochal subdivisions of this age. The Catskill group, which nom-

inally separates the Chemung and Waverly, is a local, and, as yet, very

ill-defined formation. That it has little representation in the Catskill

Mountains seems probable, both from the observations reported in our

former volume and others made since. Doubtless this formation will be

carefully studied and accurately defined by the newly organized survey

of Pennsylvania; but with the limited information we now possess in

regard to it, it seems to me to be a local, and, perhaps, a fresh-water de-

posit, synchronous with the marine bedsof the Upper Chemung.

A sketch of the history recorded in our Carboniferous strata was given

in the introductory chapters of - the geological portion of our first volume.

It will be remembered by those who have read that sketch, that it was

shown that a round of physical changes took place in the Carboniferous

age similar to those traced in the strata deposited in the other great divi-

sions of geological time, viz. : First—A period of wide-spread land area,

which in the latter portion of the Devonian age was covered with a lux-

uriant vegetation similar in its general aspects to that of the Coal Meas-

ures. Second—At the beginning of the Carboniferous age this land was

extensively submerged and covered with shore and off-shore mechanical

sediments, which are now known as the Vespertine and Umbral rocks of

Pennsylvania, the Waverly sandstone series of Ohio, the Knobstones of

Kentucky, the Kinderhqok group of Illinois, etc. Like other of our me-

chanical sediments, this group thickens toward the east and north in the

direction of the land, arid thins at the south and west toward the sea.

Third—In the progress of this submergence, where open water reached

and stood for ages, calcareous sediment was deposited, which we call the

Lower Carboniferous, or Sub-Carboniferous,, limestone. That this sub-

mergence in Pennsylvania, Ohio, and Michigan was progressive from the
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south-west toward the north-east is shown by the fact that the lime-

stone is thickest at the south-west, and thins out to a feather edge to-

ward the north-east; reaching as far as central Ohio and the south line of

Pennsylvania, where the only portion of the Lower Carboniferous lime-

stone found is the upper or Chester division. Fourth—In the third and
last epoch of the Coal Measures the Carboniferous sea retreated and left

a broad area of shallow water and dry land. The transition from marine
to terrestrial conditions is recorded in the Conglomerate, while the Coal

Measures accumulated in synclinal troughs, which gradually sank, with
many oscillations, and were filled by the wash from the surrounding land

in the form of sand and clay, now sandstones and shales; by beds of

peat, now coal, which grew on the marshy surfaces; and by the lime-

stones deposited from the inflowing sea during the periods of local sub-

mergence. When sediments had accumulated in these basins to the

depth of 2,000 to 3,000 feet, the continent was affected by great disturb-

ances, recorded in the Alleghany Mountains, then raised. At this time

nearly all the area between the Atlantic and the Mississippi was brought

above the ocean level, where it has remained until the present time.

THE WAVEELY GROUP.

The Carboniferous system consists in Ohio, as almost every where else,

of three great subdivisions : the Coal Measures above, the Conglomerate

in the middle, and the Lower Carboniferous group below. The Lower Car-

boniferous strata are the Lower Carboniferous limestone, and those desig-

nated by the geologists of the former Survey as the Waverly sandstone series,

from the outcrops which contain the famous building stone in the vicinity

of the town of Waverly, Pike county. No effort was made by those who
first described this formation to determine its precise geological age, or

its relations to the rocks of New York and Pennsylvania. Pew fossils

were then found in it, and the knowledge then possessed of geology and
palaeontology would perhaps not have sufficed to settle this question

even if the collections had been richer. Since the suspension of the for-

mer survey the Waverly group has been a fruitful subject of discussion

among geologists; and there is perhaps no one of our, formations about

which there has been so much difference of opinion. Prom the remote-

ness of the localities where the rocks which were compared with the Wa-
verly group were exposed, and the marked differences exhibited by their

fossils, it was impossible to apply to the question of equivalence an ex-

perimentum cruets by which it could be definitely settled. The space

which separated the fields of observation of the eastern and western
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geologists was formed by the State^of Ohio, and while the geology of this

State remained comparatively unknown, the different parties in the dis-

cussion could not be brought on to common ground for the adjustment of

their differences. The reorganization of the Geological Survey of Ohio

was, therefore, regarded with some interest by the geologists of the coun-

try as likely to throw new light upon this vexed question, and such as

would lead to its final settlement. When, therefore, the directorship of

the survey was intrusted to me, the work of tracing the geographical

extent and investigating the structures and fossils of this group was one

of the first that claimed my attention.

A careful study was made of the southern prolongation of the Waverly

by Prof. Andrews and his assistants ; a study which was continued north

of the National Road and carried to the eastern line of the State, and

thence far into Pennsylvania and New York, by myself and those immej

diately associated with me. We found the Waverly far more rich in fos-

sils than had been before supposed, and obtained from it, perhaps, a

larger number of species than has been furnished by any other of our

formations. Of these some were new to science, while others had been

described from collections made in our State by different geologists in

years past, or had been obtained in other States from strata now for the

first time identified with this by such a community of fossil forms as

these common species proved.

The first result of our study of the Waverly was to show that all its

rich fauna is of a decidedly Carboniferous type; second, that it includes a

number of species characteristic of the Lower Carboniferous rocks of Ken-

tucky, Tennessee, Illinois, Iowa, and Michigan ; third, that it furnishes,

at nearly all of its fossiliferous localities certain species which are also

common in the Coal Measures above ; fourth, that our collections made

include no Chemung or Portage species ; fifth, that it is continuous with

the "Vespertine" and "Umbral" rocks (Lower Carboniferous) of Pennsyl-

vania, with the " Sub-Carboniferous sandstones and shales " of Kentucky,

and with the "silicious member of the Lower Carboniferous group" of

Safford, in Tennessee. Hence we are compelled to regard it as a mem-
ber of the Carboniferous system, and as distinct from the rocks of New
York, with which it has been so generally supposed to be identical.

In the prosecution of this investigation, after we had carefully traced

the different members of the Waverly group to the line of Pennsylvania,

one of my assistants, Mr. A. Sherwood, went to his former home, in Tioga

county, Pennsylvania, and took up a line of observation at this point.

The geological structure of this region is as follows : The Chemung group

forms the bottoms of the valleys. On this rests the Catskill group, 300
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to 400 feet in thickness, forming the summit of the Devonian system.

Above the Catskill are the Vespertine sandstones and Umbral shales;

then the Conglomerate and Coal Measures. From Tioga county Mr. Sher-

wood worked westward, carefully tracing these various formations until

his observations connected with those made by Mr. G. K. Gilbert and

myself, who went eastward from the Ohio line, and met him in McKean
county, Pennsylvania. At the same time my assistants, Messrs. Hooker

and Potter, carried similar lines of observation at a lower level, along the

outcrops of the Erie shale, from Ohio through north-western Pennsyl-

vania into New York. Fossils were collected and sections taken at a

great number of localities along each line. The results of these investi-

gations, briefly given, are as' follows

:

1st. The Chemung group forms the summit of the series in Cha-

tauqua county, New York, there attaining a thickness of nearly 2,000

feet. It includes the Conglomerate seen at the " Panama rocks," formerly

regarded as the Carboniferous conglomerate—at least 160 feet below the

summit of the series ; as it is overlaid by that thickness of shales contain-

ing unmistakable Chemung fossils. The Chemung group, in all this

region, is highly arenaceous, containing many beds of sandstone, nearly

al of which are, in some localities, conglomerates. The various sand-

stones reached in the oil wells, on Oil Creek, are parts of this formation,

and all apparently contain more or less pebbles. Coming westward into

Ohio, the Chemung rocks rapidly diminish in thickness, and become

more argillaceous in character. They form the greater part of the Erie

shale, in its exposures between Ashtabula and Cleveland. /

2d. The Catskill group constitutes a well-defined and strongly marked

geological formation in Bradford, Tioga, and Potter counties, Pennsylva-

nia, where it has a thickness of several hundred feet ; has very distinct

lithological characters, and contains in great abundance the remains of

fishes, such as are found in no other formation on the continent. Of these

the most abundant are the scales of Holoptychius and the plates of Both-

riolepis. In coming westward, the Catskill formation rapidly thins, and

apparently disappears before the Ohio line is reached.

3d. The Vespertine sandstones of Rogers, which have a thickness of

more than a thousand feet in central Pennsylvania, are there nearly des-

titute of fossils. In tracing this formation towards the west, it was found

to diminish in volume, and to become finer and more argillaceous in

texture. It still remains, however, as a reddish sandstone, dark or light,

with alternating beds of shale at Bradford, in McKean county, and in the

valley of the Alleghany, near Kinzua. Lower down on the Alleghany,

and in the valley of Oil Creek, it forms that portion of the section which
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lies within 400 feet of the Conglomerate. Here, as at Bradford and
Kinzua, it contains numerous fossils, mainly of Lamellibranchiates ; but

in the valley of Oil Creek also some brachiopods which are character-

istic of the Waverly in Ohio. Though becoming, as a general rule, more
argillaceous, this formation is quite persistent, and makes up the great

mass of the Waverly group as it appears within the limits of our State.

4th. The Umbral shales of central Pennsylvania rapidly diminish in

coming west, and either blend with the underlying Vespertine or totally

disappear before crossing the Ohio line. From the fact that these shales

contain almost no fossils in Pennsylvania, it is difficult to separate them
from the Vespertine group, when changed in color and assimilated in

composition to that group, as they are in their westward extension.

5th. The Carboniferous Conglomerate is more persistent in thickness

and character than any of the formations that have been enumerated

;

and although exhibiting considerable variations in thickness, it may be

considered as forming a continuous sheet, stretching from central Penn-

sylvania to central Ohio.

The section afforded by the Waverly, or Lower Carboniferous, rocks in

northern Ohio is as follows, beginning with the summit of the series :

The Conglomerate.
1. Cuyahoga Shale 150 to 250 feet thick "1

2. Berea Grit 60 " w , „
3. Bedford Shale : 75 «

f
Waverly Group.

4. Cleveland Shale 21 to 60 " J

Erie Shale. (Chemung.)

1. The Cuyahoga Shale.— This stratum immediately underlies the

Conglomerate, and forms the walls of the gorge of the Cuyahoga river

from Cuyahoga Falls to the Peninsula, and the upper part of these walls

from that point to the vicinity of Cleveland. It also forms the surface

rock of a large part of Medina county, the southern part of Lorain and

Cuyahoga, and all the region about Warren, in Trumbull county. In

this section of the State the Cuyahoga shale has a thickness of from

100 to 250 feet, attaining its maximum' development in Medina, Lorain,

and Ashland counties.

The prevailing lithological character of the deposit is that of a gray,

argillaceous shale, with thin, interpolated bands of bluish, fine-grained

sandstone. In some localities, as at the Big Falls of the Cuyahoga, these

layers of sandstone are very much thickened, and form massive beds,

which may be used for architectural purposes.

In passing from the valley of the Cuyahoga west and south, the Cuya-

hoga shale is found to undergo a change of color and texture, becoming

gradually lighter, until it approaches in tint the prevailing type of the
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Waverly sandstone in the southern part of the State. It also becomes

more arenaceous in Ashland, Richland, and Knox counties, being there

represented by a fine-grained, yellow, ocherey rock, half way between a

sandstone and shale. In the northern and eastern portions of the State

the base of the Cuyahoga shale is formed by a fine, thinly laminated,

dark gray, sometimes black, clay shale, full of Idngulx and Discinm.

This bed is exposed at a great number of localities, of which Berea and
Chagrin Palls, in Cuyahoga, and Warren, in Trumbull county, may be

cited as examples. At all these places this stratum rests directly upon
the next succeeding member of the series, the Berea grit, is crowded with

its characteristic mollusks, and with the bones, teeth, scales, and spines

of fishes.

In the gorge of the Cuyahoga, the Cuyahoga shales contain but few

fossils; but at Richfield, Royalton, Weymouth, Medina, Seville, and Lodi,

in Medina county, and at Ashland, it includes strata which are not only

crowded with fossils, but are literally made up of shells. As is usual in

cases where clay shales contain layers which are specially fossiliferous,

the carbonate of lime from the shells of the mollusks has formed strata

of limestone of greater or less thickness, and the most fossiliferous beds

in the localities I have cited are generally quite calcareous, though never

pure limestones. In the weathering of these beds—which are usually

only a few inches in thickness—the limestone is dissolved out, and their

exposed edges appear as brown, ferruginous layers, sometimes ocherey,

and at other times compact limonite, every where filled with the impres-

sions of mollusks.

2. Berea Orit.—The second member of the Lower Carboniferous series

in Ohio is a distinctly marked and very persistent bed, or series of beds,

of sandstone, which I have designated as the Berea grit, from the fact

that it is the rock so extensively quarried at Berea, Cuyahoga county.

This is also the rock quarried at Amherst, at Elyria, at Independence, at

Peninsula, at Stewart's quarries near Cleveland, at Chagrin Falls, at

Thompson, Geauga county, at Windsor, Ashtabula county, and at Ver-

non and Kinsman, Trumbull county. This stratum has acquired some

notoriety from the fact that it is the rock penetrated by the oil wells in

Grafton, Lorain county; Liverpool, Medina county; and Mecca, in Trum-

bull county; all of which have yielded considerable quantities of petro-

leum.

The Berea grit is usually divisible into two distinct portions : the upper,

a series of thin beds, used for flagging; the lower, more massive, and quar-

ried for building stone. At Berea the upper member has a thickness

of about 20, the lower of 30 feet. In the Amherst quarries thej upper
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division is not so distinctly marked, and the whole mass is generally-

more homogeneous ; consisting of beds from one to five feet in thickness.

At Independence the flagging stone has been mostly removed by glacial

erosion, and the section opened in the quarries consists of from 25 to 30

feet of massive sandstone. At Chagrin Falls the quarries of Mr. Hamil-

ton Goodale are opened in the upper member, while the lower forms

the ledge over which the water pours.

In tracing the Berea grit eastward, it is seen to become less massive,

and in the eastern counties the layers of sandstone are intercalated with

beds of shale. On Oil Creek, and in other localities of western Pennsyl-

vania, the Lower Carboniferous series is more uniform in lithological char-

acter, and the Berea grit is hardly distinguishable ; the whole mass there

consisting of alternations of sandstone and shale, the upper portion being

more arenaceous and the lower more argillaceous than in Ohio.

In tracing the members of the Waverly group southward toward the

central and southern parts of the State, a similar change was remarked,

as will be seen by the sections of this formation at various localities

given below. Even as far south, however, as the Ohio, the horizon of

the Berea grit is marked by an unusual prevalence of sandy matter,

and the famous City Ledge, quarried at Waverly and at various other

localities in that section of the State, is probably its equivalent. Its

greatest development seems to be in the north-western portion of

the area which it underlies, as in Lorain county, at Elyria, Amherst,

etc. Here the sandltone group has a thickness of sixty feet, and is

more massive throughout than any where else within the limits of the

State.

In Michigan this group is apparently represented by the Napoleon

sandstone of Winchell, which has a thickness of 107 feet, while the over-

lying Cuyahoga shales have, perhaps, as their equivalent, the Michigan

-Salt group, 184 feet thick.

Prom these facts it would seem that this arenaceous material was de-

rived from the north-west, and that in the Ohio localities, where the

Berea sandstone is exposed, the group is thickest and coarsest where it

approaches nearest to the Michigan outcrops. Going east and south

from Lorain county—the point of greatest development of this formation

within our State—its arenaceous material progressively diminishes, until

in Kentucky or Tennessee scarcely any sandstone, properly speaking,

is found in the series, and in eastern Ohio and western Pennsylvania

argillaceous material, derived from an eastern source, enters into the

composition of the beds. At Mansfield the Berea grit is seen to be con-

verted into highly colored red and yellow sandstone, much softer than
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further north. In a few localities where the Berea sandstone has been

examined, it contains some pebbles, but these are few in number, and

generally altogether absent. In the gorge of Tinker's Creek, at Bedford,

Cuyahoga county, the lower part of the Berea sandstone,' which forms

the cliffs at the railroad crossing, contains a few pebbles, some of which

are of large size ; but these are not sufficiently abundant to give to any

portion of the mass the character of a conglomerate.

The economic value of the Berea grit is very great, as it supplies a

building stone which is now sent to all parts of the Union, and has

even been exported to England. This is the "Ohio Stone" of the

New York market, where, from its homogeneous texture, the facility

with which it is worked, and its warm, pleasant, buff tint, it is highly

esteemed. It is equally valued in the cities upon the shores of the

great lakes, and in all of these it is extensively used for architectural

purposes. The principal supply of grindstones throughout the Northern

States is also derived from this group, of which the center of production

is Berea.

The fossils of the Berea grit, though nowhere very abundant, are of

peculiar interest. The massive layers opened in the quarries at Am-
herst, Berea, Independence, etc., have yielded almost no fossils ; but in

the flagstone of the upper portion there have been found in the quarry

of Mr. Goodale, at Chagrin Falls, large numbers of fishes of the genus

Palasoniscus (P. Bminerdi), with bones and plates of other and larger

fishes which as yet remain undescribed. At Berea the upper layers con-

tain a large species of Lingula (L. Scotica), and spines of Ctenacanthus. But

the most interesting fossil found in this formation is a plant that covers

some of the surfaces of the layers at Bedford, and which I have been

unable to distinguish from Annularia longifolia of the Coal Measures.

On Oil Creek, in Pennsylvania, a stratum of sandstone, which appar-

ently represents the Berea, contains in large numbers the spines and teeth

of fishes. Of these the most conspicuous are the spines of a species of

Ctenacanthus (Ct. triangularis), of which more than two dozen were found

by Mr. Gilbert upon a surface not larger than a square yard. With these

spines are numerous teeth of Selachians, representing the genera Orodus,

Cladodus,. Helodus, etc., one of which (Helodus coniculus) is common in

the Burlington and Keokuk limestones of Illinois. In the aggregate

we have now seven species of fishes represented in the fossils of the

Berea grit, all of which are of decidedly Carboniferous type, and, as has

been said, one or more are such as have been found elsewhere in Lower

Carboniferous strata.

3. Bedford Shale.—Beneath the Berea grit, in northern Ohio, we find
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seventy to seventy-five feet of argillaceous shale, of which the upper por-

tion is generally of a marked red color, while the lower portion is dark

bluish gray. These shales are very variable in their relative thickness,

sometimes one or the other filling the entire interval between the Berea

grit above and the black Cleveland shale below, sometimes that interval

being equally divided between them, and sometimes again one or the

other greatly preponderating, while both are present. In the section

exposed at Bedford the red shale is scarcely visible, while it is met with

at Newburgh, five miles distant, and in the hills east of Cleveland fills

the larger part of the interval that separates the Berea grit from the

black shale which underlies the East Cleveland quarries. At Berea and

Elyria both shales are visible, while on the Vermilion—which takes its

name from this circumstance—the red shale is much more largely devel-

oped, and attains a thickness of something like sixty feet. In most

localities where the Bedford shale is exposed, the upper surface is very

irregular, and it is evident that this formation has been extensively

eroded by the agency which transported the beds of sand now consoli-

dated into the Berea grit. It is probably due to this fact that the red

shale is so frequently found to be wanting in the section. In the red

shale no fossils have as yet been discovered, doubtless for the same rea-

son that fossils are so generally absent from the sediments that contain

a sufficient amount of peroxide of iron to derive their color from this

source. The explanation of this phenomenon is very simple. The action

of carbon upon the sesquioxide of iron is to reduce it to the protoxide by

the absorption of one equivalent of its oxygen, so that in all deposits which
contain, when accumulating, a considerable percentage of organic matter,

this serves to reduce the iron to the protoxide, which imparts a bluish

or greenish color to the deposit. Where organic matter is absent the

iron passes to the condition of peroxide, and in this state, though in

small quantity, it communicates a bright red color to the materials im-

pregnated by it.

The lower portion of the Bedford shale, though, like the upper part,

very fine and argillaceous, is generally dark gray or blue in color, con-

tains considerable lime, and is locally highly fossiliferous. The fossils

are most abundant in that portion which rests immediately upon the

black shale below, and here they are sometimes so numerous as to form

a large part of the mass.

The following are some of the fossils derived from this horizon : Syrin-

gothyris typa, Win. ; Orthis Michelini, Lev. ; Spiriferina solidirostris, White

;

Macrodon Hamiltonim, Hall ; Hemipronites crenistria, Phil.; Chonetes Logani,

Hall; Idngula Cuyahoga, Hall; RhynchoneUa Sagerana, Win.
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In this list there are several which have peculiar interest and signifi-

cance, Syringothyris typa and Spiriferina solidirostris, for example, from the

fact that they are characteristic of the Lower Carboniferous rocks of other

States, while Orthis Michelini is common to the Carboniferous formation

all over our country and in Europe.

South of the Western Reserve the Bedford shales are scarcely distin-

guishable, as in the central and southern portions of the State they as-

sume the prevailing character of the Waverly group, and blend with the

other portions of the series. At East Cleveland, Kingsbury's quarry, New-
burgh, etc., the lower portion of the Bedford shale is so highly charged

with silica as to become a fine-grained sandstone, which is extensively

used for building, flagging, etc., in Cleveland. This is, however, only a

local induration of the shale, and is not often met with elsewhere.

Though nearly or quite destitute of fossils, except some fucoidal impres-

sions, the blue sandstone of the East Cleveland quarries is highly

charged with a sulphide of iron ; and hence the rock is liable to stain

and exfoliate on exposure by the conversion of the pyrites into limonite.

It makes excellent flagging, however, and when sawed is much used for

that purpose.

In all the quarries where this blue sandstone is worked the seams

between the layers, as well as the pores of the stone, are often found

filled with petroleum. This evidently proceeds from the underlying

black shale from which it emanates by spontaneous distillation. Simi-

lar emissions of oil give rise to a line of oil springs which mark the base

of the Bedford shale all along its line of outcrop. At Kingsbury's quarry,

near Cleveland, a fine thread of oil may be seen floating on the surface of

each little spring stream that issues from the crevices of the rock. I

have seen the flow kept up for years, and have regarded it as an inter-

esting illustration of the genesis of petroleum—from bituminous shale

by spontaneous distillation.

Not unfrequently the East Cleveland stone, like that from Waverly,

shows stains of oil on exposure to the sun.

4. Cleveland Shale.—The lowest member of the Waverly group in

northern Ohio is a black bituminous shale, which I have designated by

the name of the Cleveland shale, from the fact that it seems to have

attained its greatest development in the region about the mouth of the

Cuyahoga, and is there, perhaps, the most strongly marked element in

the Lower Carboniferous series. Its greatest thickness in Cuyahoga

county is 54 feet, and its best exposure is in the valley of Doane's Brook,

in East Cleveland, where it immediately underlies the Bedford shale, of

which the lower layers are there converted into massive, blue, fine-



THE CARBONIFEROUS SYSTEM. 93

grained sandstone.. It is also met with at a varying distance below the

Berea grit in all the exposures of the Waverly series in southern Ohio,

but shows a marked diversity of thickness at different places. In the

gorge at Bedford, where it is entirely cut through, it is 21 feet in thick-

ness; at East Cleveland, as has been stated, 54 feet; in the section from

Painesville to Little Mountain, 30 feet ; in the valley of Black river, 50

feet ; and in the valley of the Vermilion, from 60 to 80 feet. In the lat-

ter section%f the State, as has been before stated, the underlying Erie

shales thin out, and the Cleveland shale approaches very closely to the

lower black shale (Huron shale), which has here a great development.

Prom this point south to the Ohio river the Cleveland shale is met with

in various sections of the Waverly, but diminishing in thickness in this

. direction. At Freestone a layer of bituminous shale, probably its equiv-

alent, lies directly beneath the City Ledge, and has a thickness of 16J feet.

Throughout its entire extent the Cleveland shale has nearly the same
lithological characters, though differing somewhat in the relative quan-

tities of its carbonaceous and mineral ingredients. It generally contains

from 10 to 20 per cent, of combustible matter, and when freshly quarried

is a tough, compact rock. Upon exposure, however, it splits into a great

number of leaves, so that its outcrops form slopes covered with small,

thin scales of the rock. By weathering, the carbonaceous matter is

eliminated from the surface, and it becomes gray in color, except where

stained, as it often is, by the oxide of iron.

The fossils of the Cleveland shale have, until recently, altogether

eluded the search of geologists ; but during the prosecution of the survey

we have been able to gather quite a large number from different locali-

ties, some of which are of considerable interest.

In entering upon the study of the Lower Carboniferous group of rocks

in Ohio, the Cleveland shale formed our point of attack, and knowing

from experience in the Carboniferous and Cretaceous rocks that, " given

a bituminous shale, fish scales were. almost a logical sequence," these

were the first objects of search. Within a few minutes after beginning

such search they were found in considerable numbers in the exposures

at Newburgh. Subsequently the scales of fishes were met with in all the

localities where this rock was examined. These are generally minute,

rhomboidal, enameled scales, and, as we now know, belong to a species of

Palmoniscus. Lingula and Discina—like 1 fish scales, the usual concomi-

tants of black shales—were also found in various localities. The most

interesting group of fossils, however, obtained from this stratum was dis-

covered by Captain Jas. Patterson, near Vanceburg, Kentucky. In exca-

vating the shale at one horizon, he found a surface covered with the re-

mains of fishes—teeth, spines, bones, dermal tubercles, etc.
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The list of the fish remains procured in the black shale at Vanceburg,

Kentucky, and on the Ohio side of the river, now includes two species of

Ctenacanthus, one of Orodus, one of Cladodus, and one of Palseoniscus. With
these were immense numbers of minute, teeth-like organs, which have

been
1

the subjects of much speculation among zoologists. These are

almost microscopic in size, and consist of a base elongated horizontally,

upon which are set a great number of acute denticles, forming a minia-

ture comb or saw. They are generically identical with the group of

organs first described by Pander, under the name of Oonodonts, obtained

from the Silurian shales of St. Petersburg, and subsequently found by

Mr. More in great numbers in the Carboniferous limestone of England.

By Pander they were considered to be the teeth of fishes, a conclusion of

which the propriety is, however, questioned by Prof. Owen. By Agassiz

they are regarded as the teeth of Selachians, and as closely allied to such

forms as Ctenoptychius. It has also been suggested that they were the

teeth of mollusks, to which they have great resemblance. They will be

found figured and described in the Palseontological portion of this Report,

and the reasons will be given there for the view I have taken of them,

viz., that they are the dermal ossicles (the shagreen) of fishes. What-

ever may be their zoological affinities, these Oonodonts have a special

geological value, as they are characteristic of the Cleveland shale wher-

ever explored. In the section at Newburgh surfaces of the shale were

found completely covered with them. In the same locality a species

of Polyrhizodus was also found, and abundant ganoid scales, which are

proved by specimens obtained at Vanceburg by Captain Patterson to

belong to a species of Palseoniscus. From the different exposures of the

Cleveland shale we have now gathered the following fossil fishes : Cten-

acanthusformosus, N., found also in the Cuyahoga shale; Ot. furcicarinatus,

N. ; Cladodus Pattersoni,, N. ; Orodus variabilis, N. ; Palssoniscics, two species;

Polyrhizodus modestus, N., and Conodonts of various forms.

To the palaeontologist it is scarcely necessary to say that such a group

of fossils as that enumerated above could only come from Carboniferous

rocks; most of the genera here represented being exclusively confined to

that formation. The only exception is that of Ctenacanthus, of which

one or two doubtful species have been described from the Devonian rocks

of the Old World, and we have obtained one well marked and beautiful

species from the Huron shale (Ct. vetustus, N.).

In the sections opened by the valleys of the Cuyahoga and its tribu-

taries, the Cleveland shale is underlain by a few feet of impure lime-

stone and argillaceous shale. The limestone contains Syringothyris typa,

Macrodon HamUtonias, and other Wavefly fossils. Beneath these strata are
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greenish, shales, containing Leiorhynchus mesacostalis, Spirifera disjuncta,

etc., Chemung fossils, characteristic of the upper layers of the Erie shale.

Here, then, we have the base of the Lower Carboniferous series. The first

of the Chemung fossils occur about sixty feet below the base of the Cleve-

land shale, and it is possible that the intervening mass may be an

element in the Lower Carboniferous series, up to the present time not

sufficiently well known to be identified and described. As has been

stated, near the Ohio an interval of 147 feet separates the Cleveland

shale from the Huron shale below, and the material filling this interval

has similar lithological characters to the upper portion of the Waverly,

but no fossils have been obtained from it, and it is therefore impossible

at present to say whether it contains any representative of the Erie

shale or not.

The following is a minute section taken at this point by Mr. R. D.

Irving, one of the assistants on the Survey

:

SECTION OF THE STRATA BETWEEN THE CLEVELAND AND HURON SHALES, SCIOTO
COUNTY, OHIO.

Sandstone (City Ledge) 3' 5"

Blue and drab shales 3' 9"

Blue clay ¥ 7"

Black shale (Cleveland shale) W 6"

Sandstone ¥ 4"

Shales and sandstone 1/ 9"

Sandstone 9"

Shale, with three layers of sandstone 6' 6"

Sandstone : ¥ 4"

Shale, with three layers of sandstone 6' 9"

Sandstone 2' 6"

Shale, with three layers of sandstone 9/ ll"

Sandstone ¥ 2"

Shale : 5"

Sandstone ¥ 5"

Shale 3' 9"

Sandstone 10"

Shale 3' 1"

Sandstone ¥ 2"

Shale... ¥ 11"

Sandstone
,

2' 10"

Three layers of shale and sandstone 11' 9"

Sandstone ¥ 4"

Shale 10"

Sandstone ¥ 10"

Shale ' ¥ 2"

Sandstone , n"
Shale ¥ 2"
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Sandstone \yr

Shale 2' 2"
Sandstone 7//

Shale y 5//

Sandstone .' y
Shale y yyr

Sandstone g//

Shale 2' 3"
Sandstone y
Shale .' 5/ 4//

Sandstone 7/ 2"
Alternation of fine-grained sandstone and shale 507

Huron Shale 35(/

In southern Ohio the Waverly group is very largely developed, attain-

ing a thickness of not less than five hundred feet, and being well exposed
in the valley of the Scioto. For the most part the outcrops lie on the east

side of the river, but the "Waverly caps a great number of eminences
on the west side of the valley, specially the group of hills known as the

"Sunfish Hills," and these outliers extend as far west as the "mount-
ains" of Highland county. The details of the extent and structure of

the group in this part of the State will be found given in the reports of

Professors Andrews and Orton. As a general rule, the formation is here

composed of a series of alternations of sandstones and shales, and is not

susceptible of division into distinct members, as in the northern part of

the State. It is generally barren of fossils; but in certain localities, and
at certain horizons, it is highly fossiliferous. At Sciotoville, Rockville,

and Buena Vista collections of fossils have been made which rival in

variety and interest those obtained from Eichfield, Lodi, and Weymouth,
in Medina county ; alarge number of species being common to the two
districts. Lists of the species collected at Rockville and Sciotoville

are given in the report of Prof. Andrews, in his contribution to our first

Report of Progress (1869). Prof. Andrews also mentions in his r port

that two fossils, Lingula subspatulata and Discina capax, are common to

the Huron shale and the " Waverly black slate " (Cleveland shale). This

,is probably an error of identification, as, so far as yet known, the ; jsils

of the two formations are quite distinct.

In the Waverly of Scioto and Pike counties certain layers of sandstone

arefoundwhich furnish one of the most beautiful building stones known in

the country. One of these, called the Oity Ledge, supplies a large amount
of stone to the cities of the Ohio valley. This lies immediately above the

black shale of the Waverly. Some of the flagging from the quarries of

W. J. Plagg, in the Waverly hills near the Ohio, and known as the Buena
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Vista, flagging, is largely used and highly esteemed in the eastern cities.

Here, as in the northern part of the State, the sandstone overlying the

Cleveland shale is impregnated with petroleum derived from that car-

bonaceous mass. The collection of fossil fishes made from the Cleveland

shale at Fairview, Kentucky, by Capt. James Patterson, has been

already alluded to; further north, in Fairfield, Hocking county, the

upper Waverly is composed of layers of fine-grained, buff sandstone, to

which Prof. Andrews has given the name of Logan sandstone. Below

this is a great mass of coarse sandstones and conglomerates, with alter-

nations of finer material. In some places nearly the entire formation is

coarse, and the beds of conglomerate rival in their massive character

the true Conglomerate. These Waverly conglomerates are traceable

north through Licking and into Knox county. Near Newark the cliffs

at the narrows of the Black Hand are composed of Waverly conglom-

erate. In the valley of the Mohican, in Knox county, conglomerate

beds are seen 220 feet below the top of the Waverly formation. The

associated strata here are mainly blue, sandy shales, which weather yel-

low and ochery. This is the prevailing complexion of the Waverly

group in the central part of the State. The Waverly conglomerate also

appears at various points in Morrow and Richland counties—at Mt. Gil-

ead, Richland Station, etc.—but it has not been recognized further north-

ward. In passing from the south northward the red shale (Bedford

shale), which is such a marked element in the Waverly of the counties

bordering on the Lak$, is first seen at Harlem, on Walnut creek, in Del-

aware county. The section at this point is as follows :

1. Yellow and gray sandstones 10 feet.

2. Gray sandy shale, with fucoids :... 16 "

3. Bed shale ' 15 "

4. Black shale 60 "

The following list includes all the known fishes and plants, with the

most characteristic mollusks and radiates, of the Waverly. A more com-

plete enumeration of the Waverly fossils will be given in the palseonto-

logical portion of this Report

:

FOSSILS OF THE WAVERLY GROUP.

PLANTS.
Ammlaria longifolia Brong.

Lepidodendron Veltheimianum Sternb.

Spirophyton crassum Hall.

S. pectinatum Newb.

S. vesiculosum "

Dictyophyton Newberryi '. Hall..

D. Eedfleldi "

7
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PISHES.
Ctenacanthus formosus Newb.
Ct. furcicarinatus "

Ot. triangularis "

Gyracanthus compressus .' "

G. Alleni "

Orodus variabilis "

Cladodus Pattersoni "

Cladodus horridus "

Helodus coniculus : N. andW.
Palseoniscus Brainerdi Thomas.

Polyrhizodus modestus Newb.

MOLLUSKS.
Trematodiscus trisulcatus M. and W.
Goniatites Andrewsi Win.

G. Lyoni M. and W.
G. Ohioensis Win.

Orthoceras Indianense Hall.

Conularia Newberryi Win.

C. micronema Meek.

0. byblis
'. White.

Producta semireticulata ..Flem.

Produeta Flemingi Sew.

Producta Cora D'Orb.

Productella Newberryi Hall.

Lingula melia >

"

L. Cuyahoga . . "

Xi. membranacea ..Win.

Discina Newberryi , .....Hall.

.Hemipronites crenistria Phil.

Chonetes Logam Hall.

Orthis Michelini L'Ev.

Spirifera c'amerata Mort.

-Spiriferina solidirostris White.

. Syringothyris typa Win.

Jtthynchonella Sagareana "

R. Missouriensis • Swallow.

Aviculopecten Caroli Win.

.A. crenistria "

A. Newarkensis "

.A. Winchelli Meek.

Microdon reservata Hall.

. Macrodon Hamiltonise .'

Palseoneilo Barrisi

P. attenuata •

: Schizodus Medinaensis Meek.

;S. . subtrigonalis
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Sanguinolitee seolus Hall.

S. obliquus Meek.

Grammysia Hanibalensis Shum.

G. rhomboidalis Meek.

G. ventricosa "

Pterinea Newarkensis "

Prothyris Meeki Win.

Promachrus Andrewsi Meek.

Platyceras Lodiensis "

Pleurotomaria textiligera , "

Fenestella delicata "

F. multipora var. Lodiensis "

Ptilodictya Romingeri "

RADIATES.
Actinocrinus Daphne , Hall.

A. helice "

A. Eris „ "

A. viminalis .....:: "

Platycrinus contritus "

P. graphicus "

P. Richfleldensis , H. and W.
P. Lodiensis H. and W.
Forbesiocrinus communis Hall.

F. Kelloggi ,
'•

Poteriocrinus crineus "

P. pleias "

P. (Scaphiocrinus) Corycia "

Scaphiocrinus (Poteriocrinus) iEgina , "

S. (

"
) Lyriope -. "

S. subcarinatus "

S. subtortuosus "

Zeacrinus paternus "

Z. Merope «

Platycrinus Bedfordensis H. and W.

LOWER CABBONIFEEOUS LIMESTONE.

In the description which has been given of the Waverly group, its

relations to the Lower Carboniferous rocks of Pennsylvania, Kentucky,

Tennessee, and Illinois have been briefly referred^to, and it has been

said that the Waverly can be shown to be continuous with the mechani-

cal sediments of the Lower Carboniferous series in all the surrounding

States. But in all these States, except Pennsylvania, shales and sand-

stones form only a part of the Sub-Carboniferous formation, and in the

region lying south and west of Ohio the calcareous member of the group

becomes of greatly preponderating importance.
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Until the commencement of the present survey it was supposed that

the Lower Carboniferous limestone did not extend into Ohio, but that,

rapidly thinning northward, in passing from central Kentucky to the

Ohio river, the whole mass wedged out. The investigations of Prof.

Andrews and his assistants in the south-eastern quarter of the State have

shown, however, that the Lower Carboniferous limestone does reach into

Ohio, and that it extends in a thin feather edge northward nearly to the

National Road.

The best exposure of this limestone stratum—called by Prof. Andrews

the Maxville limestone—is in the vicinity of Newtonville, Muskingum
county, where it is from fifteen to twenty feet thick. It is also visible

in a layer of eight to ten feet in thickness in Scioto, Jackson, Vinton,

Hocking, and Perry counties.

In lithological character it is generally a gray, compact, partially

crystalline rock, with few fossils, and these badly preserved. In certain

localities, however, it contains considerable ferruginous coloring matter,

by which it is striped and banded.' In chemical composition it is.

a

dolomite. Mr. Meek has examined the collection of fossils made from

the Maxville limestone, and gives me the following memoranda upon

them

:

LIST OF FOSSILS FEOM THE MAXVILLE LIMESTONE.

1. Zaphrentis.—A small, undetermined, curved, conical species.

2. Scaphioerinus decadactylus, Hall ?—Described from the Chester group.

3. Productus pileiformis, McChesney.—Described from the Chester group. Thought

by Mr. Davidson to be the same as P. Cora, D'Orbigny.

4. Productus elegam, N. and P.—Described from the Chester group. Some of the

specimens may be the form Prof. McChesney described from the same horizon

under the name of P. fasciculatus.

5. Chonetes.—Undetermined species.

6. Athyris subquadrata, Hall.—Described from the Chester (Kaskaskia) group.

7. Athyris trinuclea, Hall, sp.—Described from the St. Louis (Warsaw) group.

8. Spirifer (Martinia) contractus, M. and W.—Described from the Chester group.

9. Spirifer.—Undetermined fragments of perhaps two species.

10. Terebratula.—An undetermined, small, oval species, showing the fine punctures

under a lens. •

11. Aviculopecten.—Undetermined species.

12. Allorisma.—Undetermined fragments, apparently like A. antiqua, Swallow. De-

scribed from the Chester group.

13. Naticopsis.—A small, undetermined species.

14. StraparoUus perspectivus, Swallow, sp.—Probably a more elevated form of S. plani-

dw-satus, M. and W. Both were described from the Chester group.

15. Sellerophon. sublaevk, Hall.—Described from the St. Louis (Warsaw) limestone.

16. Plmrotomaria.—A small, undetermined cast.
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17. Nautilus.—A small, undetermined, compressed, discoidal species, with the very

narrow periphery truncated.

18. Nautilus.—A large, sub-discoid, undetermined species, with an open umbilicus,

and only slightly embracing volutions, that are somewhat wider transversely

than dorso-ventrally, and provided with a row of obscure nodes around, near

the middle of 'each side. Very nearly allied to N. spectabUis, M. and W., from

the Chester group, but more compressed, and having narrower and apparently

one or two more volutions. Specimens mere fragments.

In his letter Prof. Meek adds

:

" From these fossils it is clearly evident that the limestone from which they were

obtained, belongs to the horizon of the Lower Carboniferous limestone series of the

Western States. They also show that it'does not belong to any of the inferior mem-
bers of that series.

" Of the eighteen or twenty species of fossils sent me from this rock about one-half

are represented in the collection only by specimens that are too imperfect for specific

identification; though none of them, so far as their characters can be made out, ap-

pear to be allied to known forms from any horizon below the St. Louis limestone.

" Of the remaining species, five can be identified confidently with Chester forms,

and three others are either identical with Chester species, or most closely allied to

forms of that age. Hence we may safely say that eight of the species are Chester

types. Two, however, seem to be identical with species described from the St. Louis

limestone further west.

" From these facts I can scarcely doubt that we have in these local masses of lime-

stone a representation of the Chester group of the Lower Carboniferous limestone

series ; though it is possible that there may also be some representation of the St.

Louis limestone of the same series at some of the outcrops.

" The discovery of these beds is, I believe, the first indication we have had of the

existence of any member of the Lower Carboniferous limestone series of the West in

Ohio. They also seem to show that the old Carboniferous sea did not extend to this

region during the deposition of any but the later members of the lower limestone

series, although we know it had done so previously, that is, during the older Waverly

period."

The last remark of Mr. Meek requires a little qualification or explana-

tion, for inasmuch as the Waverly group is stratified, it is evident that

all its layers were deposited in water; and as many of its fossils are iden-

tical with those found in the Carboniferous limestones of the South-west

—

and they are of marine origin—we may be sure that this water was the

sea. But these mechanical sediments are shore deposits, and not such

as accumulate in the deep basins of the open sea. Much of the Waverly

group is composed of coarse sandstone, and, as we have seen in southern

and middle Ohio, it contains heavy and extensive sheets of conglomerate,

the product of shore waves. Hence, in the relations of the calcareous

and mechanical sediments which make up the Lower Carboniferous for-
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mation, we have an indisputable-record of another of the great continental

submergences to which I have so many times referred.

In Ohio we have almost exclusively the shore deposits, the lowest mem-
ber of the trinity ; but by going into Kentucky and traveling toward the

depths of the old Carboniferous sea, we find the series complete, and trace

the record of a progressive but doubtless a very irregular submergence of

southern Ohio in the last or Chester epoch of the Sub-carboniferous period.

• In order that this interesting episode of our geological history may be

fully comprehended, I will briefly review the phenomena presented by

the Lower Carboniferous Limestone in the region south and west of that

which it occupies in the State of Ohio.

In the hills bordering the Ohio river the limestone member of the

group shows a thickness of from 30 to 40 feet
;
going southward it rap-

idly increases in force, until, in central Kentncky, it forms fully half of

the Lower Carboniferous series.

In all this region the lower, or silicious, portion of the group consists of

a series of fine-grained sandstones and shales, which, from the fact that

they compose many of the hills left by erosion in the excavation of the

valleys of the Ohio and its tributaries—hills which are known as the

Knobs—have received the popular designation of the Knobstones. In

the northern part of Kentucky, the " Knob rocks " are soft yellow, brown,

or bluish shales, with some beds of sandstone, the whole resembling

very closely our Waverly group as it appears in the central and

southern portions of the State. On the southern line of Kentucky, near

Burksville, this group of rocks is represented by a nearly homoge-

neous mass of blue and gray shales, capped above by the Lower Carbon-

iferous limestone, and resting upon the " black slate," the equivalent of

our Huron. From various localities in this region I have obtained

abundant fossils, characteristic of the Lower Carboniferous series in

Tennessee and Illinois, and these reach down quite to the black shale,

so that we are compelled to regard all these as of Carboniferous age.

We now know that our Waverly group, as exposed on the southern mar-

gin of the State, is the exact equivalent of these Lower Carboniferous

shales of Kentucky.

In Michigan the Lower Carboniferous series, according to Prof. Win-

chell, consists of the Lower Carboniferous limestone above, the Michigan

Salt group in the middle, and the Napoleon and Marshall sandstones at

the base. The limestone has an average thickness of 60 feet, and, as

Prof. Winchell shows, represents the upper beds of the limestone group.

Above this series is found the Conglomerate ; below it the Huron shales,

regarded by Prof. Winchell as the equivalents of the Portage and Che-

mung in New York.
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In Illinois the Lower Carboniferous formation is, for the most part; cal-

careous. It consists of

—

1. The Chester or Kaskaskia limestone.

'

2. The St. Louis limestone 250 feet thick.

3. The Warsaw limestone 50 to 100 "

4; The Keokuk limestone 40 to 50 "

5. The Burlington limestone 60 to 100 "

All of which are underlaid by the " Kinderhook group," consisting of

shales and sandstones, with some local limestone beds having a thickness

of about 100 feet. The Illinois series contains many fossils which are

identical with those found in the Waverly of Ohio, and we have every

reason to believe that the beds which include them are the equivalents

of each other ; the lithological differences which they present being due

to the fact that the Waverly of Ohio is a shore deposit, while most of the

Lower Carboniferous of Illinois was laid down in an open sea. The reach

of this sea is indicated by the spread of its calcareous sediments ; and

since the Coal Measures of Michigan, Illinois, Kentucky, Tennessee,

Alabama, and Virginia are underlaid by this calcareous stratum, we have

in this evidence of a continuous ocean, which, during a portion of the

Lower Carboniferous period, occupied the area of the States that have

been enumerated, but which reached no farther (at least in sufficient

purity to form limestones) than central Ohio and the southern line of

Pennsylvania.

It is also evident that the Lower Carboniferous period was one of pro-

gressive continental depression, for the lower rocks deposited in this period

over a great area are mechanical sediments, while the overlying calca-

reous deposits, thickest at the south and west, gradually thinning out

toward the north and east, are by their volume a measure of the length

of time during which, in any locality, marine conditions prevailed.

Hence we must suppose that the thin edge of the calcareous member of

the Lower Carboniferous series represents the uppermost, last formed

portion of the mass ; and this is more widely extended than the lower

beds, because, at the time of its deposition, the sea had further encroached

upon the land.

THE CARBONIFEROUS CONGLOMERATE.

In many parts of Europe, especially in England, and throughout most

of the area occupied by Carboniferous rocks in America, the middle por-

tion of the Carboniferous series is indicated by a mass of sandstone, of

greater or less thickness, containing vast numbers of quartz pebbles, and

forming a pudding-stone, or conglomerate/ In England this rock is
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known as the " Millstone Grit," from the fact that its most compact por-

tions have been used for the manufacture of millstones. In our own
country the greatest development of this stratum is in the central parts

of Pennsylvania and Virginia, where it attains a thickness of from- 1,000

to 1,400 feet. East of the Mississippi it is found underlying the Coal

Measures over the greater part of our coal fields, but varying much in

thickness. In Ohio, where present, it ranges from 10 to 175 feet ; in

Kentucky, from 50 to 500 feet ; in Indiana, from 50 to 100 feet ; in Mich-

igan, from 30 to 105 feet, etc. Thus we see that this peculiar rock is

very widely spread alike over the calcareous sediments and the mechan-
ical shore deposits of the Carboniferous sea. It occupies an area of not

less than 200,000 square miles in our country, and from its occurrence in

the same relative position on both sides of the Atlantic, apparently

marks a change in the physical conditions of a large part of the northern

hemisphere. We shall look in vain through the entire geological series

for another stratum of rock so widely distributed, and presenting as

strongly marked lithological characters as this. The coarseness of the

material of which it is composed, and the uniformity and wide extent of

its distribution, offer problems of no little interest and difficulty. The
pebbles it contains are generally of quartz, but not exclusively so, for

among them are found representatives of various other metamorphic and

igneous rocks, but none that are not of a peculiarly hard, tough and re-

sistant character. These pebbles are all well rounded, and bear evidence

of a great amount of trituration.*

The sand which forms the paste that holds together the pebbles of the

Conglomerate is generally coarse, and consists of angular or rounded

grains of quartz, which differ from the pebbles only in size.

In attempting to analyze the process by which this material accumu-

lated where we find it, we have to consider, first, its source, and second,

the mechanical agencies by which it was distributed. In seeking for

the source of the material we are compelled to look to such portions of

our continent as were, during this period of geological history, raised

* In the, north-west corner of Holmes county the Conglomerate is thin, and irregu-

larly deposited, but it contains, mingled with its quartz pebbles, rather rudely rounded

masses of chert, generally from one to three inches in diameter, which contain Lower

Carboniferous limestone fossils. This would seem to indicate that the Maxville limestone

once reached nearly to the northern margin of our coal basin, but that the agency

which transported and deposited the materials of the Conglomerate had, in the

northern counties, broken it up and dissipated the greater part of it. The same

causes have also severed the connection of the limestone areas, and have given the

deposit the " patchy " character which it exhibits in southern Ohio.
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above the ocean level, and contained an adequate supply of crystalline

quartz. Tracing out the limits of the Palaeozoic seas and lands, we find

that a portion of the Alleghany belt, and the Eozoic area in Canada,

New York, and Michigan, were the only regions which satisfy the condi-

tions. Here the metamorphic rocks are every where intersected by veins

of quartz possessing essentially the same mineral characters with that

which forms the pebbles of the Conglomerate. This, then, is the source

from which the material was derived. Second, as regards the manner of

distribution of this material, we find in the present epoch that sands

and gravel beds are the natural products of 'the action of shore waves

upon the land, and that, in many portions of the geological series, such

beds of gravel and sand were 'formed by the extension of ancient sea

beaches. If, therefore, this sheet of sandstone and Conglomerate were

spread over a continent consisting of crystalline rocks, of which quartz

formed an important part, we should need to go no further for an expla-

nation of the phenomena than to suppose that an invasion of the sea had

leveled down and comminuted such materials as were encountered by

the shore waves ; and of these the most resistant, and such as possessed

the highest specific gravity, were accumulated in a sheet which measured

the reach of the sea. But when we examine the area over which the

Carboniferous conglomerate is spread, we find districts whereat exhibits

its maximum development and coarseness many hundreds of miles away

from any possible source of supply; as, for example, in western Kentucky,

where the Conglomerate is in places 250 feet -in thickness, and where it

was 500 miles from any outcrop of crystalline, quartz -bearing rock, at

the epoch of its deposition. Between this district and the Eozoic high-

lands, or the Blue Ridge belt, lie unbroken sheets of Palaeozoic sediments,

the uppermost layers of which, at the time the Conglomerate was formed,

were unconsolidated organic or mechanical mud.

It has been customary to suppose that, the material forming the Con-

glomerate was washed down from the highlands of the continent, and

transported by rivers to the localities where it is found; but the difficul-

ties in the way of the acceptance of this explanation seem to be insur-

mountable. It is true that river currents have the power of rolling

gravel and sand along the bottoms of the channels they traverse, even to

a great distance from their sources ; but no river action is adequate to

explain the uniformity that marks the distribution of this great sheet of

consolidated sand and gravel. Hence the approximate uniformity in

thickness of the deposit, and its similarity of composition over all parts

of the area it occupies, forbid the acceptance of river action as the agency

of its distribution. Again, the action of narrow currents of water hav-
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ing sufficient velocity to transport such a mass of coarse material several

hundred miles, would not be shown simply in such transportation, but

these currents would deeply excavate the underlying beds over which

they flowed, and which were at this time scarcely in any degree consoli-

dated.

Shore waves acting upon this portion of the continent could not have

effected such a distribution, as they have no power to create quartz peb-

bles except as they have quartz rock to work upon. Advancing shore

waves could, therefore, not have deposited two or three hundred feet of

sand and gravel several hundred miles out upon a flat, composed alto-

gether of fine material; and retreating shore waves would have no power

to carry with them from Canada to Kentucky such a mass as the Con-

glomerate forms there. We must, therefore, find some other process of

distribution than any yet suggested for the explanation of the problem

before us.

In looking through the geological series for some similar deposit which

could serve as an explanation of this one, I have found none that seemed

to offer so close a parallel as the later Drift deposits spread over the

northern half of the Mississippi valley. Here we have in many locali-

ties a mass of material which, if consolidated, would form an almost

perfect cor>y of the Carboniferous conglomerate—beds of gravel, in which

the pebbles are for the most part quartz, undistinguishable from those

of the Conglomerate and sheets of sand, nearly or quite free from peb-

bles. It is true that most of the Drift also contains bowlders of larger

size than any found in the Conglomerate, but over large areas these are

restricted to the summit of the series, and mark a distinct epoch in the

chain of events. Throughout a wide area, too, we find the gravels and

sands of the Drift resting upon the lower, fine Drift clays, precisely as

the Conglomerate rests upon the mud stones of the Waverly and the

Sub-carboniferous limestone. To explain the phenomena presented by

the Drift deposits, I have been compelled to invoke the aid of floating

masses of ice, and have suggested that the gravels and sand which form

the upper layers of the Drift have been floated to their present resting

places, frequently from points of origin 500 miles distant, and quietly

dropped down upon the soft clays below ; arguing that currents of water

or currents of ice transporting these gravels, sands, and bowlders, could

not have deposited them where they are found without tearing up the

underlying clays.

All that we know of the present sea bottom on the banks of New-

foundland leads us to suppose that it is every where strewed with gravel,

sand, and bowlders, spread with considerable uniformity over its surface
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by the icebergs that come down from the far north freighted with these

materials, which are dropped into the water as the ice melts.

I also have under my eyes as I write a suite of specimens dredged up

from the bottom of the ocean, off the Antarctic continent. These speci-

mens, and the report of the Exploring Expedition, teach us that this sea

bottom is every where strewn with pebbles derived from the neighboring

continent, and scattered by icebergs. Hence, from the similarity of the

deposits now being made by icebergs over various portions of the sea bot-

tom with those made by the same agency during the Drift period, and

of both to the materials composing the Carboniferous conglomerate, I

have suggested the possibility that they might all be the products of the

same agency; that is, that the "materials of the Conglomerate may have

been broadly and evenly distributed, as we find them, and subsequently

triturated, comminuted, and rearranged by shore waves when the water

was shallowed, and the surface was swept by tidal currents and storm

waves. In this view the Conglomerate should be compared with the

kames and eskers of the Drift. This theory, however, is not insisted

upon, but is simply a suggestion which has sprung from a conviction of

the entire inadequacy of any other solution of the problem yet offered.

In many places in Ohio we find in the Conglomerate sheets of pebbles,

many of which are two and three inches in diameter, and I have had

much difficulty in believing that these large pebbles were ever spread as

widely and evenly as they are by causes as local in their action as river

currents. Should it be proved by further investigation that the Con-

glomerate is the record of a glacial or iceberg period, it would account

for the occurrence of a similar deposit in the Old World; as the Conglom-

erate there holds the same place in the geological series, and is composed

of the same materials. It evidently marks a corresponding period in

geological time, and may have been deposited in an identical period in

absolute time, since we know that the phenomena of the Drift period

were similar in character and synchronous throughout the Drift area of

the northern hemisphere.

Immediately succeeding the deposition of the Carboniferous conglom-

erate—we may perhaps say during the process of its accumulation

—

the Carboniferous sea shallowed over a large area, and that which was

before sea bottom became dry land. In the retreat of the ocean waters

every portion of the surface they had covered would in succession be ex-

posed to the action of the retreating shore waves, and, as a consequence,

the surface materials would be shifted, sorted, and still further commin-

uted. Precisely similar influences operated upon the Drift deposits, to

which reference has been made, and the phenomena which they now
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present is in large part due to trie action of the cause we are now con-

templating ; and we are justified in concluding that in these two geol-

ogical periods similar causes produced similar effects.

In Ohio the outcrop of the Carboniferous conglomerate forms a narrow

belt, which enters the State from Pennsylvania about the middle of the

eastern line of Trumbull county ; the formation having here a thickness

of from fifty to sixty feet. Thence it extends in a line from three to five

miles in width to the township of Howland ; thence follows along down
on either side, or forming the bottom of the valley of the Mahoning to and

below Youngstown. Here it is greatly diminished in thickness, varying

from six inches to twenty feet, and in some places is even scarcely percep-

tible. From the valley of the Mahoning the outcrop of the Conglomer-

ate passes north and west through the southern part of Trumbull county,

forms the banks of the Mahoning at Newton Falls, thence trends north-

ward in a sinuous line through the eastern margins of Portage and

Geauga counties, until its northern extension in two or three prominent

headlands reaches over the line of Lake county. Little,Mountain, near

Chardon, is an island of the Conglomerate, and the one which ap-

proaches nearest to the Lake, above which it rises to the height of 750

feet. From this point the Conglomerate stretches away south and west,

occupying a large area, which includes tbe greater part of the counties of

Geauga and Summit, and the north-west corner of Portage. Throughout

this region it underlies the highlands drained by the Cuyahoga and

Chagrin, reaching out toward the north-west in a great number of prom-

ontories and islands, which form the divides between the branches of the

streams I have mentioned, and which owe their isolation and relief to

the excavation produced by this system of water-courses. The bed of

, the Cuyahoga lies in the Conglomerate throughout nearly all of its

course to Cuyahoga Falls. Here it is cut through by the stream, and

the cascades are produced by the water flowing over conglomerate

-ledges ; thence, to the south line of Cuyahoga county, the Conglomerate

forms the summits of the cliff bordering the valley on either side. In

all this section of the State it is generally about 100 feet in thickness,

being thickest in Parkman and Nelson, where it is 175 feet. It is

usually composed of very coarse materials, lying in thick beds. Of these

the lowest, with a thickness sometimes of twenty feet, is often a mere

mass of pebbles, from half an inch to two or three inches in diameter,

with just enough sand to fill the spaces between them.

South and west of Medina county the area underlaid by the Conglom-

erate is narrow, and its thickness is much diminished. In Wayne and

Holmes counties it is very irregular^ generally thin, and often wholly
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wanting. In Richland county the horizon of the Conglomerate passes

through all the highlands of the " Loudonville hills," but the rock itself

is often absent ; sandstone No. 1 of the Coal Measures cutting out both

the Lower Coal and Conglomerate, and resting directly on the Waverly.

Both the absent members of the series were perhaps, and even probably,

deposited here, and were subsequently swept away by the agent that

brought the sand that now composes sandstone No. 1. This is not cer-

tain, however, as the highlands of Richland county apparently form the

crown of one of the several arches of strata that traverse the State im-

perfectly parallel with the Alleghanies, and hence have always been

relatively highlands ; and it is quite possible that neither the Conglom-

erate nor Coal No. 1 was deposited over them. In Richland county the

Waverly contains heavy beds of Conglomerate which have much the

character of the Carboniferous conglomerate, and have been often mis-

taken for it. These are to be seen at Richland Station, and at various

other points, even as far west as Mt. Grilead, in Morrow county. Prom
Holmes county to the Ohio the Conglomerate forms an interrupted line

of outcrop skirting the margin of the Coal Measures. Throughout this

interval it is rarely more than twenty-five feet thick when found, and in

many places it is scarcely perceptible. In Jackson county, however, it

resumes its importance, and attains a thickness of one hundred feet.

The exaggerated estimates which have been published of the develop-

ment of the Conglomerate along its southern line of outcrop are due to

the fact that the Waverly conglomerate attains unusual force in this re-

gion, and all its exposures have been credited to the overlying rock.

In speaking of the origin of the materials of the Conglomerate, I have

referred to the balls of chert with Carboniferous fossils which it contains

in Holmes county, and have suggested that the Lower Carboniferous

limestone may have once existed in northern Ohio. This supposition is

rendered probable by the relations which we find to exist between the

Conglomerate and limestone in southern Ohio. There the latter rock

seems to lie in patches, which were without doubt formerly connected,

but the connections have been severed by the agencies that distributed

the Conglomerate.

Though generally forming a very distinctly marked geological horizon,

and entirely separated from the associated rocks, the Conglomerate in

some places is more or less interstratified with the Coal Measures above

and the Waverly beneath. In the northern part of Portage and Geauga

counties it is difficult to draw the line between the Coal Measures and

the Conglomerate, as the point of junction is formed by beds of passage

;

thin bands of conglomerate alternating with layers of shale containing
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the impressions of coal plants, and a bed 6f coal which is locally .work-

able.

It is also true that at various places in the State vegetable matter

accumulated in the Conglomerate in sufficient quantities to form thin

and local beds of coal. These layers of coaly matter are, however,

plainly composed of drifted material, are not superimposed upon fire-

clay, as are the coal seams of the Coal Measures, and are not of such

a character as to justify the assertion made by some geologists, that

we have in Ohio a system of false Coal Measures lying in or below the

Conglomerate.

In Trumbull and Medina counties, on the extreme edge of the coal ba-

sin, we occasionally find the roof-stone of Coal No. 1 containing patches of

conglomerate, and this occurs in a still more marked degree near Sharon,

Penn. These cases have led some geologists to suppose that our Coal

No. 1 was located in or below the Conglomerate; but such is not the

case, for this coal stratum is opened at a thousand places in the State,

and its normal position is proven to be' above the Conglomerate. The

explanation of the cases I have alluded to seems to me simply this

:

When Coal No. 1 was formed, the marsh in which it accumulated was

bordered on the north and overlooked by gravel hills which now form

the Conglomerate, greatly developed in this direction. In the submerg-

ence which buried Coal No. 1 some of the gravel from these hills was

washed down on to and over the coal, with large quantities of sand which

now form the great bed of sandstone over the Briar Hill coal.

,
The fossils of the Conglomerate are almost universally plants, of spe-

cies found in the overlying Coal Measures. Where the material compos-

ing it is coarse, they consist of fragments of tree trunks, branches of

calamites, nuts, etc., all more or less broken, and showing evidences of

transportation and accumulation in the same way that drift-wood is

gathered by river currents or shore waves. In some localities these

vegetable remains are crowded together so as to form a mass in the

sandstone many feet in thickness, and extending over several square

rods. Here the trunks, branches, reeds, etc., are intermingled in such

confusion that it is difficult to extract an individual specimen of any

considerable dimensions. Generally the fragments are broken and

water-worn, and it is not at all uncommon to find far up in the in-

terior of what were hollow calamites Trigonocarpa, which were the

fruits of a different plant. At Cuyahoga Falls, where the Conglomerate

is cut from top to bottom by the river, the plants which characterize

this formation are found in great abundance, but always in the condi-

tion I have described ; the trunks and branches of trees (Lepidodendron
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and Sigillaria) rarely of any great length, but frequently showing their

markings with distinctness ; the Trigonocarpa exhibiting only the nut

with its nucleus, the external fleshy envelope and the delicate wings of

the nut having been all removed by attrition. Occasionally the sand-

stones and pudding-stones of the Conglomerate are interstratified with

layers of argillaceous shale, especially at the top of the formation, and

here we sometimes find some fern fronds. Such exceptional cases as

these are plainly the products of local causes, which, in the emergence

of the continent and the supervention of the terrestrial on marine con-

ditions—in other words, the succession of the Coal Measure epoch to the

Conglomerate epoch— occasioned the Coal Measure conditions to be

locally reached before they generally prevailed.

In western Pennsylvania—Warren, Kinzua, etc.—the Conglomerate

contains great numbers of fossil mollusks near its line of junction with

the Waverly, and I have noticed the same thing in a few localities in

Ohio. These fossils include several species, all of which, so far as I

know, are found in the underlying strata, and they simply indicate that

in certain localities the change of physical condition recorded in the

different lithological characters of the two deposits took place more

gradually than elsewhere.

• ~ Some years since, at a meeting of the American Association, the geolo-

gists present were much puzzled by some specimens of the Conglomerate

exhibited by Prof. Brainerd, of Cleveland, in which the impressions of

the stems of plants were as distinctly transmitted to the quartz pebbles

as to the interspaces of sand. Prof. Brainerd argued from these speci-

mens that the pebbles were of concretionary origin, and that they bore

the markings of the bark of plants because they had been formed in

contact with such bark. The recent experiments of Thenard, which

show that humic acid renders silica readily soluble, afford an easy solu-

tion of the problem, and confirm the view taken by the writer upon the

occasion referred to above, viz., that the pebbles had been dissolved away

where in contact with the plant. The proof that the pebbles of the

Conglomerate are not concretionary is abundant and conclusive. In

some localities many of them are composed of something else than

quartz ; silicious slate showing stratification being a common material.

Conglomerate pebbles composed of chert containing fossils I have already

referred to.

The economic value of the Carboniferous conglomerate is very great.

Throughout the whole area occupied by its outcrop it furnishes a more

or less desirable building stone, and almost exclusively supplies the

want of such material to many of the communities resident on this area.
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As a general rule, the stone which it furnishes is coarse, and though

easily worked and durable, has little to commend it so far as regards its

beauty. In certain localities, however, it presents very different char-

acters. At Cuyahoga Falls some of the layers of the Conglomerate con-

sist of a compact, homogeneous, rather fine-grained sandstone, largely

impregnated with iron, and of a pleasing dark-brown color. At Akron
apparently the same beds are still finer in texture, contain a larger per-

centage of peroxide of iron, and have a beautiful purplish red tint.

These characters combined render this the most beautiful building stone

with which I am acquainted.

The Conglomerate is also largely used for the production of glass, and
its pebbles are employed by Mr. Alexander, at Akron, as an element in

one of the varieties of fire-brick manufactured by him. Various locali-

ties might be cited where inexhaustible quantities of pure quartz may
be obtained from this source, and this is a material sure to be in demand
in the future for the manufacture of porcelain, glass, fire-brick, gan-

nister, etc.

In a number of places in Knox and Licking counties gold has been

found in the superficial gravel. This may have come from the Drift

deposits only, but it is probable that in some cases it has come from the

Conglomerate. Nearly all crystalline quartz, such as forms the pebbles

and sand both of the Drift and Conglomerate, is auriferous, and we have
every reason to believe that the materials which compose both these for-

mations were in large part derived-from the Eozoic highlands of Canada
and the Alleghany belt. Nearly all the Laurentian rocks are traversed

by segregated veins of quartz, which always contain more or less gold.

Hence we could hardly fail to find traces of gold in the debris of these

quartz veins ; and so I venture to say that careful search will detect gold

in all the quartzose materials of the Drift and Conglomerate. As, how-

ever, the quartz veins of the area of crystalline rocks in the north-east

are perhaps never rich enough in gold to pay for working, and as from

its gravity much of the gold must necessarily be left behind in transpor-

tation, I think we may be quite certain that our gold mines will never

be remunerative, and that gold can hardly be reckoned as one of the

mineral staples of Ohio.

t may mention, in this connection, that Mr. Glass, of Dayton, claims to

have found gold in the Drift in various localities in Clermont county, and
he is disposed to regard the. deposits as pecuniarily important. Though
fully satisfied that this placer gold of Ohio has no economic value, I re-

gard its discovery as of great geological interest, as it affords an easy

answer to the much discussed question, Where does gold occur in. the
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geological series? viz., every where. It is found in considerable quantity

in the oldest rocks known, the Laurentian; hence all the mechanical

sedimentary strata derived irom the erosion of the Eozoic rocks must

contain gold. But it is generally so scattered here as to be practically

inaccessible. When these rocks are metamorphosed, however, segregated

quartz veins are found and the gold is collected into them. As they are

of limited extent and communicate with no possible foreign source of

gold, the gold in them must be indigenous.

THE COAL MEASURES.

The coal strata of Ohio, though constituting the most interesting and

important feature in the geology of the State, have been so fully described

in the reports of the Geological Survey already published, and in the

various county reports which form parts of this volume, that but little

space can, with propriety, be devoted to them here. It should also be

said that the distribution, qualities, and uses of our coals will be discussed

at length in the volume on Economic Geology. I shall, therefore, confine

myself in this chapter to a brief review of the structure and extent of

our coal field, referring the reader to the various reports on the local

geology of the State for all detailed statements of the facts upon which

the generalizations now made are based.

The upper division of the Carboniferous system, known among geolo-

gists as the Coal Measures, underlies the surface of the south-eastern

third of the State. This, as has been before said, is, with the exception

of the Drift, the highest member of the geological series in Ohio. In

harmony with the general arrangement of the rocks which fill the

great Alleghany basin, the Coal Measures form a series of sheets that,

with a general easterly dip, lie on the slope of the anticlinal axis

which traverses our State from Cincinnati to the Lake. Over all the

eastern half of Ohio the dip of the rocks is toward the east, and all the

strata which come to the surface along the middle line of the State are,

on our eastern border, buried to the depth of 1000 feet or more. Sharing

in this general arrangement, the different elements that compose our

coal series form sheets of which the edges come to the surface in lines ot

outcrop further and further eastward as we ascend the geological scale.

On the northern and western margin of the coal field, only the lower

seams of coal and their associated rocks are found, while in going from

this line southward or eastward toward the center of the basin the out-

crops of one and another of the higher beds of coal are passed over, till

on the Ohio, near Wheeling, the surface of the highlands is underlain by

nearly 1200 feet of Coal Measure rocks, in which are included ten or-
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twelve workable seams of coal. As a consequence of this arrange-

ment, the amount of coal underlying any given county or town in the

coal area depends on its proximity to the center and deepest portion of

the basin. So that while we have an aggregate of about 12,000 square

miles of territory underlain by coal, not all parts of this are equally en-

dowed with this great source of wealth. Along the margin of the coal

basin, in many places, only a single coal seam is present, but the peculiar

excellence of this one compensates in part for the deficiency in quantity.

The aggregate thickness of all the beds included in 'the section of the

south-eastern and deepest portion of our coal basin is perhaps fifty feet.

The average coal contents of our territory may, therefore, be taken as

something like the mean between the minimum, a single seam four to

five feet, and the maximum reported above, or, in other words, twenty-five

to thirty feet of workable coal.

The coal seams which give character and value to the formation that

includes them compose, therefore, but a small portion of the mass of

strata with which they are associated. The other elements in the sec-

tion are sandstones, shales, limestones, fire-clay, and iron ore. The na-

ture of the materials forming the Coal Measures, their relations and
relative quantities, will be best learned from an inspection of the en-

graved section of our Coal Measures which accompanies this chapter.

By referring to this section and the many others published in our

reports, it will be seen that the elements composing the Coal Measures

occur in an order of superposition that is so constant, or at least so fre-

quently repeated, that it cannot be a matter of chance, but must be the

expression of a general law. The order of sequence to which I have
referred, and which will be noticed in these sections, is this, namely,

that the coal strata almost invariably rest upon beds of fire-clay. They
are also almost always covered with shale of greater or less thickness,

and this in turn is overlaid sometimes with a sandstone, more rarely

with limestone ; aiid thus each section is susceptible of division into

series of three or more members each, in which the elements hold nearly

a -constant relation to each other. These strata will be considered in

the order of their occurrence, and as far as possible the history of their

formation will be deduced from the facts which they present. For sev-

eral reasons it is most natural and convenient to consider the fire-clays

as forming the base of each series. In all ordinary circumstances, these

are continuous sheets from one to twenty—generally three to four—feet

thick, of nearly homogeneous, compact gray clay, which, possessing the

property of resisting fire to a marked degree, has from this fact received

the name it bear?. The fire-clays are usually penetrated in every direc-
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tion by the roots of plants, usually Stigmaria, formerly regarded as an en-

tire aquatic plant, but now known to be the roots of trees which are char-

acteristic elements of the coal flora, Lepidodendron and Sigillaria. Some-

times the stumps and spreading roots of these trees are found in unbroken

connection buried in the fire-clay.

Upon the fire-clay we almost always find a stratum of coal of greater

or less thickness. Sometimes this is very thin, sometimes, though rarely,

entirely wanting, and in most such instances we can gather proof that

it has been removed, either mechanically or by oxidation. This coal

throughout its entire mass shows traces of vegetable structure, and it is

now agreed among all good authorities that it has accumulated by plant

growth in the locality where it is found. Various theories have been

proposed to account for the formation of coal, viz., that it is of animal

origin ; that it was formed from petroleum ; that it is derived from vege-

table tissue transported by river currents and gathered in water basins

;

but these theories have already been sufficiently discussed and so clearly

disproved that no further reference to them is needed here. All those

wbo have carefully studied the phenomena presented in our coal fields

have been satisfied that the beds of coal have been formed where they

are now found by the bituminization of vegetable tissue, which accu-

mulated precisely as peat does now. Peat beds usually occupy marshes,

and are produced by the bituminization of the various plants that grow

in water or on moist surfaces. In making a section of a peat bog we
almost always find beneath the peat a layer of clay very much like the fire-

clay, and by an examination of many of these peat-producing marshes

it has been discovered that they have generally been pools of water in

which a fine sediment accumulated at the bottom, and that these pools

have been invaded by vegetable growth until they are more or less filled

up by the accumulation of the bituminized leaves, trunks, etc., of dif-

ferent generations of plants.

The effect of the growth of aquatic plants on the soil in which they

are rooted is to abstract the alkalies, sulphur, phosphorus, and a portion

of the silica; and leave a fine homogeneous clay containing a large

percentage of alumina and highly resistant to fire. This we learn by
analyses of clays under our peat bogs. Hence, from the great similar-

ity, almost identity, which they exhibit with the fire-clays of the Coal

Measures, we may fairly conclude that their histories are essentially the

same. The coal seams in our State vary in thickness from one inch to

twelve feet, and as the material composing them has been greatly con-

densed by pressure, we may infer that they represent beds of peat of from

one to fifty feet in, thickness. These were formed by the gradual, perhaps
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annual, accumulation of the leaves, twigs, fruits, etc., of the plants

which covered the coal marshes. This we learn from a careful micro-

scopic study of the coal itself.* Hence the coal beds, though of insig-

nificant thickness as compared with the associated strata, probably rep-

resent long intervals of time. These intervals, however, ultimately

ended, and the peat bogs, the growth of which took place at or above

the water level, were submerged generally at considerable depth, for

we find them overlaid by sedimentary strata many feet in thickness.

Usually the water which flowed over them transported and deposited

clay or sand. When the change took place quietly the sediment was
fine, and we now find it as a clay shale; when attended with more
violence the motion of the water was quicker, its transporting power

greater, and it spread thick sheets of coarse material sometimes over

large areas. Oftener than otherwise, this turbulent flood or rapid cur-

rent succeeded a period of quiet submergence, as we generally find

shales succeeding, the coal, and this in turn overlaid by sandstone, this

sandstone locally cutting out the shale or coal, or both, and forming

what are known in miners' language as horsebacks, which are simply

beds of sand deposited in channels cut by water currents in the then

soft materials, now forming our beds of shale and coal. Where the

subsidence, greater than usual, resulted in the extension into the coal

basin of an arm of the sea, this quietly deposited calcareous sediments,

which now form limestones. In process of time the water basins in which

the sediments I have described—shales, sandstones, and limestones

—

were deposited, were, sometimes by elevation, sometimes by filling up,

shallowed until they were again pools and marshes, where fire-clays and

beds of coal were again formed, again to be submerged. In this way
the whole 1,000 feet of our Coal Measures have been built up and form

a record of a subsidence along the center of the coal basin (which passes

near Pittsburgh) of more than 2,000 feet. That this subsidence was

local we learn from the fact that the upper coal beds occupy narrower

limits than the lower. Erosion may have done something to contract

* By Mr. G. W. Binney, of- Manchester, England, the theory has been advanced

that coal was mainly formed from the spores (microspores and macrospores) of cryp-

togamous plants, such as Lepidodendron, Sigillaria, etc. ; but a searching examination

of our coals has shown me that though sporangia and spores are common enough

in the coal beds, they make up no considerable portion of the mass. In all classes

of plants living at the present day the organs of fructification are insignificant in

volume as compared with the organs which belong to the vegetative system of the

plant (i. «., roots, stems and leaves), and we, may infer that such has always been

the case.
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the area of the upper coals, but had they ever reached as far as the

lower ones they would certainly be found elsewhere than they are, i. e.,

only in the center of the basin. In the western coal fields we find that

the subsidence was progressive in one or another direction, the upper

coal seams then reaching in this direction far beyond the lower. In the

Ohio portion of the Alleghany coal field, however, the basin seems to

have narrowed as it deepened. That intervals of elevation alternated

with those of subsidence seems proven by the fact that beds of fire-clay

and coal sometimes rest directly upon limestones which must have been

deposited in somewhat clear and deep water. This water must have

been withdrawn to make the growth of a bed of coal on its sediment

possible. Proofs of greater elevations are also not wanting in the Coal

Measures, such, for instance, as is furnished by the following case, re-

ported by Mr. M. C. Read : In Clarke township, Coshocton county, is a

channel, now filled with sandstone, 280 feet deep. This cuts out in a

narrow belt all the lower coals from No. 5 down. Complete sections in

the vicinity show the coal seams to be regular and undisturbed on either

side. This is the result of sub-serial erosion, and proves that during the

Coal Measure epoch this region was elevated several hundred feet above

the sea level. Thus we see that our Coal Measures form the record of

a subsidence of the great geosynclinal lying between the Blue Ridge

and the Cincinnati axis, a subsidence which carried the central portion

of the trough down at least 2^000 feet. This would have formed here a

deep synclinal valley, but that, being a comparatively narrow trough

and receiving the drainage of a continent lying north and east, it was

filled nearly as fast as formed. That the sinking was unequal we learn

from the unequal distribution of the limestones, which are the most dis-

tinct marks of the reach and continuance of the successive submerg-

ences. " The great limestone associated with the Pittsburgh coal, for

instance, occupies, only the central portion of the basin, and thins out

both east and west, while some of the lower limestones have their line

of greatest development quite within our State and are unknown in

Pennsylvania. The same thing is taught by the coal strata, some of

which are quite local- others are very extensive, but none cover the

whole breadth of the basin. But the best proof of unequal subsidence

that we find in the Coal Measures is afforded by the great variation

which is observable in the interval which separates the different seams

in the series (examples of which will be given hereafter) and in the

splitting up of our coal seams into two or more subordinate seams in

their extension in one or another direction from localities where they

are found forming.nearly a homogeneous mass. Such instances occur in
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all known coal fields, and some which have come under our observation

will be referred to in another place.

In the shales which overlie the coal seams we very frequently meet

with the casts of the bases of the trunks of trees which were once

rooted in the coal. These are generally short, showing that the upper

portions of these trees rotted away before clay and sand were deposited

around them ; but in one instance I have seen a trunk of Sigillaria which

projected fifteen feet above the carbonaceous mass in which it grew.

The sections of these trunks are frequently seen in the roofs of our coal

mines, each traced by a circle of carbonaceous matter. These circles

are sometimes called "pot-bottoms" by the miners, and they are re-

garded by them with some dread, as from the conical form of the stump

it sometimes drops out, and falls with sufficient force to crush any one

beneath it. The first layer of the shale above the coal is generally filled

with the impressions of the trunks, leaves, and fruit of the forest that

was growing over the coal marsh at the time of its submergence, while

the superincumbent layers of shale and sandstone may be entirely bar-

ren of plant impressions.

The alternation of sheets of vegetable matter with rooted trunks and

other indications of the growth of a sheet of vegetation on a land sur-

face, with layers of limestone full of marine shells, may be accepted as

conclusive proof of great and repeated changes of physical condition in

the area of our coal basin, and we may generally find evidence that these

changes were produced by elevations and depressions of the bottom of

the basin. The number of such alternations, however, is so great that

some persons have found it difficult to believe that so many oscillations

of level could have taken place in our terra firma during one chapter of

geological history. It should be remembered, however, that the lapse of

time recorded in our Coal Measures would, if expressed in years, be

almost infinite as compared with the epochs of human history. We
know, too, that warpings of the surface are now constantly taking place

ia all parts of the globe, and though accomplished so slowly that they

are scarcely perceptible to our observation, evidences of recent changes

of level have been gathered from many localities on the margin of our

own and the European continent. The shores of the Mediterranean

afford many examples of local elevation and depression. The coast of

Sweden is known to be now slowly rising, but most toward the north,

and Lyell makes the average rate of movement four feet in a century.

On the North American coast similar local changes are going on. In

Greenland a slow subsidence is taking place; at St. John's, in New
Brunswick, the land is rising ; sinking at the island of Grand Manan

;
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rising on the coast opposite, at Bathurst, and rising at Prince Edward's

Island. (J. D. Dana.) According to Prof. G. H. Cook, the coast of New
Jersey and Long Island is slowly sinking. On the coast of California I

have observed several raised beaches marked by lines of marine shells

—

some of which still retain their colors—and rocks bored by Pholas. It is

also plainly shown that the elevations have been local and unequal.

There is, therefore, no inherent improbability in the view that the alter-

nations of marine and terrestrial conditions, of which we find records in

the Coal Measures, were produced by the sinking and rising of the bot-

tom of the great geosynclinal trough of the Alleghany coal field. It is

possible, however, that some of the influxes of the sea, of which we
have record in the phenomena described, were produced by the breaking

down of barriers by which the sea had been excluded. In such cases

effects may have been produced similar to those that have been wit-

nessed in the inundations of Holland. On the low coast of the Nether-

lands the sea is carefully excluded by artificial embankments, and large

areas have by this means been wrested from its grasp. On the marshy

surface within the dykes by which the land is now protected beds of

peat have grown. Prom time to time storms have broken over the bar-

riers by which the sea is kept out, and it has rushed in, covering manjr

square miles with its waters and the sediments they have transported.

In such localities the sea has been again excluded by restoring the

dykes, and peat is now dug in some of these districts, where it forms

several strata separated by beds of gravel and sand which mark succes-

sive irruptions of the sea. In these peat beds, with the strata that di-

vide them, we have a very close imitation of the phenomena presented

by the beds of coal. This instance is cited as a possible, though not as

a probable, explanation of the facts observed in our coal* field. Some
local submergences may have occurred in the manner suggested, but

most of those recorded have been on too grand a scale, as it seems to me,

to be the results of bursting of barriers without changes of level.

The chemical processes which have been concerned in the formation

of coal have been quite fully described in our former reports, and I shall

give here only a brief review of the subject. Coal is now considered by

all good chemists and geologists as of organic origin, and it may easily

be demonstrated that it has been derived from the decomposition of

vegetable tissue. It forms only one of a group of carbonaceous sub-

stances which begins with woody fibre and ends with graphite. These

are all derived from vegetable tissue in the changes which it undergoes

when buried under water or earth. The different products of the pro-

gressive change through which vegetable matter passes under such
/
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circumstances—and which is a kind of distillation—are, peat, lignite,

bituminous and anthracite coal, graphite and asphaltum, which are

solids; carbonic acid, carburetted hydrogen, etc., which are gases. Of

these, all the solids, excepting asphaltum, are residual products, while

that substance and the liquids and gases are the evolved products, or dis-

tillates. Neither of these substances has any definite formula of compo-

sition, as each individual specimen may represent a distinct stage of

the process of bituminization. The first mineralized solid formed from

vegetable tissue is usually called lignite, if derived from wood
;
peat, if

from herbaceous vegetation. These terms are, however, somewhat vaguely

employed ; for while the term peat is used only for the brown, spongy

mass—mostly derived from mosses—which is found in our surface bogs

and is now forming, the name lignite is given not only to bituminized

woody tissue, but to the Tertiary and Cretaceous coals, even though they

may have been formed of the same materials and in the same way as

our recent peat beds.

Such being the relations of the carbon series, it is manifest that to

express each one by a distinct formula, as though they were mineral spe-

cies or definite chemical compounds, is a misstatement of the truth of

nature, and is calculated to create misapprehension. This will be obvi-

ous to anyone who will compare the hundreds of careful analyses which

have been published of the different hydrocarbons.
. The nature of the

changes which take place in the formation of peat and lignite from veg-

etable tissue will be seen by the comparison of typical examples of each

given below

:

Vegetable tissue. Loss. Peat.

Carbon 49.1 21.50 27.6

Hydrogen 6.3 3.50 "
' 2.8 \

Oxygen .....T.. 44.6 29.10 15.5

Wood. Loss. Lignite.

Carbon 49.1 18.65 30.45

Hydrogen 6.3 3.25 3.05

Oxygen 44.6 24.40 20.30

In this process the evolved products represented by the loss are water,

carbonic acid, and carburetted hydrogen, or petroleum.

Where peat or lignite have been long buried in the earth they have

suffered still further loss and change, and are converted into what is

termed bituminous coal, as will be seen in the following example

:

Lignite. Loss. Bituminous Coal.

Carbon 30.45 12.35 18.10

Hydrogen ' 3.05 1.85 1.20

Oxygen 20.30 18.13 2.07
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This is the condition in which we find most of the beds of peat and

lignite that accumulated in what is called the Carboniferous age, millions

of years ago, and which, deeply buried, have been subjected to a slow

and general distillation, resulting in the different varieties of bitumin-

ous coal. Where exposed to peculiar influences, as to heat from volcanic

eruptions, or from the elevation of mountain chains, where all the strata

are metamorphosed, the volatile constituents of bituminous coal are par-

tially or perfectly driven off, giving us, first, semi-bituminous coal, then

anthracite, and finally graphite. The process by which graphite and

anthracite are formed from ordinary bituminous coal is indicated in the

succeeding formulae

:

Bituminous Coal. Loss. Anthracite.

Carbon , 18.10 3.57 14.53

Hydrogen 1.20 0.93 0.27

Oxygen 2.07 1.32 0.65

Anthracite. Loss. Graphite.

Carbon 14.53 1.42 13.11

Hydrogen 0.27 0.14 0.13

Oxygen 0.65 0.65 0.00

All the varieties of coal mentioned above shade into each other, and

we have lignites that exhibit every degree of approach to bituminous

coals ; semi-bituminous coals intermediate between bituminous coal and
anthracite and graphitic anthracite, by which the anthracites are con-

nected with graphite.

The geological portion of the different varieties of coal accords with

the theory of their origin given above. For example : the oldest rocks

known, contain only the residual products of the distillation of vegetable

tissue, graphite and anthracite. In the Carboniferous age the terrestrial

vegetation was luxuriant over large areas, and conditions prevailed

favorable to the formation of beds of peat. * These, submerged and deeply

buried under sediments which were deposited upon them, have, as a

* Judging from the circumstances in which the most extensive deposits of peat are

produced at the present time, we may infer that the climate was moist and equable,

but neither very hot nor cold, since in tropical climates vegetable tissue runs through

all its changes so rapidly that but but little accumulates in a bituminized state, while

in a cold climate vegetation is stinted, and there is but little of it to be preserved. It

has been suggested that in the Carboniferous age the atmosphere contained much
more carbonic acid than now. But of this no proof is given except the succulent and

luxuriant vegetation, while the great numbers of air-breathing animals represented

by remains found in the Carboniferous rocks indicate that the atmosphere was not

greatly different from what it now is.



122 GEOLOGY OF OHIO.

general rule, been changed to our beds of bituminous coal—to anthracite

where local causes have carried the distillation further. In formations

more modern than the Carboniferous, the accumulations of bituminous

vegetation are, as before stated, usually classed as lignites, though they

have been formed in the same way as our coals. These contain more

water and oxygen, and are less valuable as fuels than the true coals, but

they shade into them imperceptibly, and locally nature has accelerated her

processes, and by volcanic heat has distilled lignites to anthracite, as at

the Placer Mountain, New Mexico, and on Queen Charlotte's Island,

where excellent anthracite has been produced from Cretaceous lignites,

and at Los Bronces, in Sonora, Triassic coal is converted into anthracite

by a similar cause. In China there are extensive deposits of Mesozoic

coal, which have been converted into good anthracite throughout consid-

erable districts. At the present time we see the formation of coal only

in its initial periods, viz., the growth of vegetation and the accumula-

tion of bituminized vegetable tissue in marshes where oxidation is pre-

vented or retarded by water. By artificial processes we can, however,

hasten the changes in vegetable matter, and by distillation produce lig-

nite, bituminous coal, and anthracite. In eastern America all the coal

strata, excepting the small Triassic basins of Virginia and North Caro-

lina, are of Carboniferous age. In the valley of the Mississippi, where

they have suffered no local metamorphosis, they are all of the bitumin-

ous class. In the Alleghanies the same strata, having been somewhat

affected by the causes which resulted in the upheaval of the mountains,

have lost a portion of their volatile matter, and have become what are

known as semi-bituminous coals. To this group belong the coals of

Frostburgh, Broad Top, Blossburgh, etc. Still further east the Carbon-

iferous strata are more metamorphosed, and all the coal of eastern Penn-

sylvania is anthracite'. In Rhode Island a coal basin of limited extent

of the same age with those of Pennsylvania seems to have been still

nearer the focus of metamorphic action, and here the coal is partially

converted into graphite, forming the variety known as graphitic anthra-

cite.

All the coals within the Ohio coal field are classed as bituminous coals,

but among them we find those which form several different varieties

when classified by their physical structure, their chemical composition,

and their uses in the arts. These are, first, the dry, open-burning, or

furnace coals ; second, cementing, or coking coals ; third, cannel coals.

Of these the first and second varieties are sometimes classed as cubical, or

block coals, from their tendency to break into more or less cubical blocks.

The first variety enumerated includes those that do not coke and ad-
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here in the furnace, and such as can be used in the raw state for the

manufacture of iron. They have generally a distinctly laminated struc-

ture, and are composed of bituminous layers, separated by thin parti-

tions of cannel or mineral charcoal, materials which do not coke. Hence

the bitumen in them—relatively small in quantity—is held in cells, and

cannot flow together so as to give the mass a pasty, coherent character.

In Ohio the lowest stratum of this series (Coal No. 1, the Briar Hill,

Massillon and Jackson coal) is generally a furnace coal. As it occurs in

the Mahoning valley, it is a type and standard of the class to which it

belongs, and is one of the best furnace fuels known, half the iron pro-

duced in the State being made with it. In consequence of the structure

of our coal basin (Coal No. 1 underlying all the others, and dipping to-

ward the south and east), it is for the most part covered by the underly-

ing rocks, and whether it extends beneath the center of the basin is yet

uncertain. Coal No. 6—the " Great vein," the Straitsville, the Steubenville

shaft seam, etc.—has locally this open burning character.

The second class, or cementing coals, aire such as have few partitions,

but show upon fracture broad surfaces of pitch-like bitumen. These, to

a greater or less degree, inelt or agglutinate by heat, forming what black-

smiths term a hollow fire. This property causes them to choke up the

furnace and arrest the equal diffusion of the blast through the charge

;

hence they cannot be used in the raw state for the manufacture of iron,

but must be coked. This process of coking consists in burning off

the bituminous or gaseous portion, which leaves the coal in the condi-

tion of anthracite, except that as this change is effected without pres-

sure the resulting material is cellular and spongy. Coals of this charac-

ter, when free from sulphur—their great contaminating impurity—are

used for the manufacture of gas ; the volatile portion driven off in the

retorts serving the purpose of illumination, while that which remains is

coke, and may be used as fuel. By far the greater portion of our coals

are of the coking variety. Up to the present time they have been but

sparingly used as furnace fuels, from the fact that they generally contain

an objectionable amount of sulphur. Many of them are capable, how-

ever, by proper treatment, of yielding an excellent coke, and the future

industries of the State largely depend upon the degree of intelligence

and energy shown in the utilization of our cementing coals.

The cannel coals are more compact and homogeneous in texture, and

contain a larger percentage of volatile matter than the others ; also, the

gas they furnish has higher illuminating power ; hence they would be

used to the exclusion of all others for the manufacture of gas, but that

the coke yielded by them is of inferior quality. They are, therefore,
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chiefly employed as household fuels, for which they are specially adapted,

and, in small portions, for enriching the gas from inferior varieties.

The marked differences which are observable in the varieties of coal

which I have enumerated are due, as I conceive, mainly to the circum-

stances in which they were deposited. By Prof. Lesquereux they are

ascribed to differences in the character of the vegetation from which they

were formed ; but this can be accepted as only a very partial explana-

tion. Nearly all of our coal seams exhibit considerable variation of

quality at different localities and in different parts of the same bed. Our

cubical coals show changes in the relative quantities of volatile matter

and fixed carbon which they contain, and in their tendency to cement in

the fire ; they also sometimes merge into cannel, in part or entirely, in

passing from one township or county into another. But these differ-

ences, striking as they are, are not accompanied by any appreciable

change in the vegetation, so far as we can judge by examination of the

coal itself, or from the impressions of plants contained in the roof-stones

or fire-clays. It is possible that the open burning character which the

Briar Hill seam so generally exhibits may be in some degree due to the

kind of the vegetation from which it was formed ; but this is a mere

conjecture, which derives no support from the plant remains found with

it. As has been already stated, the open burning coals have a distinctly

laminated structure which is recognizable at a glance. This is so char-

acteristic that it may be always accepted as proof that a coal which pos-

sesses it is not cementing, whatever its chemical composition may be.

The distinction between coking and open burning coals is evidently not

dependent upon the relative proportions of volatile matter and fixed car-

bon, since the semi-bituminous coals of Pennsylvania and Maryland,

which contain only from 17 to 20 per cent, of volatile matter, are emi-

nently coking, while the typical furnace coals, such as the Briar Hill

and Brazil, contain nearly twice as much volatile matter, and yet do not

coke. All the cubical coals are more or less laminated

—

i. e., exhibit

alternations of bright and dull lines. In the cementing coals the pitchy

layers are broad, and the lines of separation between them are thin and

broken ; hence these coals exhibit on their cleavage planes smooth sur-

faces of a black, pitchy appearance, by which an experienced eye can at

once identify them. The cause of the lamination of our coals is as yet

unknown; but I have supposed it possible that it was dependent upon

an annual contribution of vegetable debris, or a periodical variation in

the quantity of water in the eoal marsh. This is an interesting subject,

but one which will be really understood only when it shall have received

more attention, than has yet been given to it.
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The peculiarities of the cannel coals, which have been already referred

to, have also been ascribed to the vegetation from which they were de-

rived ; but I think it can be plainly shown that they owe their charac-

teristic features to the method in which they have been formed. As the

result of many years' study of our coal strata, I suggested, in a paper

published in the American Journal of Science in 1857, that cannel coals

were formed in lagoons of open water in the coal marshes, and that in

these lagoons the completely macerated vegetable tissue—probably for

the most part parenchyma—accumulated as a fine carbonaceous mud,

and all my subsequent observation has tended to confirm this conclu-

sion. The evidence upon which it rests is briefly as follows :

1st. The cannel coals in their intimate structure are more homoge-

neous than the cubical coals, and show Nothing of the alternations of

bright and dull lines to which reference has been made, and which we
may consider as proofs of changing surface conditions in the coal marsh.

2d. Though not laminated in the sense that the cubical coals are, the

cannels are more distinctly stratified like other rocks which are deposited

from aqueous suspension.

3d. The cannel coals generally contain a greater percentage of vola-

tile matter than the cubical coals, and the gas made from them consists

more largely of hydrogen, and has higher illuminating power. All of

which is a natural result of their deposition in a hydrogenous medium
which prevented oxidation.

4th. Cannel coals, as a class, contain more ash than the cubical coals,

and they frequently pass into bituminous shale. This occurs where the

water from which they were deposited had a more rapid motion and

greater transporting power. It then carried, and mingled with its car-

bonaceous sediment an increasing and ultimately preponderating amount

of mineral matter.

5th. Cannel coal contains, as characteristic fossils, aquatic animals,

such as mollusks, fishes, amphibians, and crustaceans. These are some-

times so abundant and of such a character as to prove conclusively that

they inhabited pools of water in which cannel coal was deposited as a

sediment. Where plant remains are found in cannel, they are usually

floated fragments which show the effect of long maceration—fern fronds,

for example, being usually skeletonized.

6th. In the lagoons of open water found in our modern peat marshes

fine carbonaceous mud accumulates, which, when dried, closely resem-

bles in appearance and properties our cannel coal.

With such evidence before us, it seems that there should be no great

difference of opinion as to the origin and mode of formation of cannel

coal.
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STRUCTURE OF THE COAL BASIN.

One of the most important results of our study of the Coal Measures

of Ohio is the discovery that instead of forming one symmetrical basin

with a uniform dip toward the south-east, they lie in a series of subordi-

nate troughs which are in a general way parallel with the axis of the

great one of which they are parts. In other words, that the western

slope of the basin exhibits a series of undulations which locally neutral-

ize or reverse the general easterly dip. Such a series of subordinate

basins have been shown to exist in western Pennsylvania, and those

traced by our Corps, though less strongly marked, are similar in character

to those described by Prof. Eogers and his assistants, and evidently be-

long to the same system. The outlines of these basins have not been

fully traced, but those which lie on the northern half of the State are

described in our Report of Progress for 1870.

Their existence may be demonstrated by a few profiles drawn across

the coal area from west to east. For example, beginning on the western

margin of the coal basin at Nashville, in Holmes county, and tracing a

line directly eastward, we find that the dip is rapid to the valley of

the Killbuck, at Millersburg ; thence eastward the strata rise gently in

a fold which lies between the valleys of the Tuscarawas and the Kill-

buck. Passing this, the dip is again eastward to Dover, from which
place the strata gently rise over an arch in Carroll county, thence de-

scend rapidly to the Ohio. Owing' to this arrangement, the section of

the rocks exposed in the valley of the Tuscarawas, at New Philadelphia,

is precisely the same as that seen in the valley of the Ohio at the mouth
of Yellow Creek, and in the valley of the Little Beaver, on the Penn-

sylvania line. Further south we find indications of similar undulations.

From the west line of Coshocton county to Coshocton, the dip is over 500

feet, and this continues till the bottom of the trough is reached near

Jacobsport ; thence the strata rise easterly until at Bridgeport they lie

135 feet higher than in the bottom of the trough further west. In carry-

ing the line further east, two narrow synclinal basins are passed before

reaching that in which the Ohio flows. In the reports of Prof. Steven-

son on Harrison, Guernsey, and Muskingum counties, the folds which

traverse the Coal Measures in this region are described at some length,

and he there refers to localities where the westerly dip amounts to as

much as 100 feet to the mile. In following the line of the Pittsburgh,

Cincinnati and St. Louis Railroad from Coshocton to Steubenville, traces

of the folds referred to are distinctly seen, although they are not crossed

at right angles. For example, taking coal No. 6, the most continuous

and important seam in this region- as a guide, we find that its altitude
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at Coshocton is 248 feet ; at Newcomerstown, 293 ; at Port Washington,

260 ; at Lock 17, 295, and at Urichsville, 275 feet above Lake Erie. East

of this point it dips rapidly, and at Steubenville is below the level of the

Ohio. The profile section of the Central Ohio Railroad shows a series of

similar undulations which are in part identical with those already named.

For example, from Bellaire to a point within two miles of Campbell's

Station the dip is uniformly south-east, though varying somewhat in its

rapidity at different places. At the point last mentioned the dip changes

to the west, but recovers its normal direction before reaching Camp-
bell's. From Campbell's to the quarry east of Cambridge the dip con-

tinues south-east. It there changes locally to the west, but recovers itself

before reaching the tunnel. The dip is again reversed at a point between

the tunnel and Castle's. From this latter point it is variable to within

a mile of Concord, where the south-easterly dip is very rapid, and con-

tinues so—diminishing from 100 to 50 feet per mile—to Norwich. It is

there reversed to 35 feet per mile west for four miles, thence it undulates

greatly, though the westerly dip prevails until within one mile of Coal-

dale, where it again becomes south-easterly, and so continues to Newark.

(Stevenson.)

A knowledge of the undulations which traverse our Coal Measures is

of great practical importance, as they render utterly abortive any attempt

to ascertain the position of coal seams by any system of triangulation or

calculation based on a supposed uniformity of the dip. Such methods

are worse than worthless, since they are liable to mislead. It is scarcely

necessary ,to say that the only way in which the dip of the rocks, in any
larger or smaller division of the State, can be determined, is by careful

local observation ; and the only reliable method—aside from boring—of

ascertaining the position of beds of coal which lie below the surface, is

to acquire a knowledge of the succession of the strata, and judge of what
is concealed by its known relations to what is exposed.

The arches and troughs which have been described above affect other

portions of our geological series beside the Coal Measures, and their con-

nection with the general structure of the rocks which underlie the State

is shown in the discussion of the causes of our topography, Vol. I., Part

I., p. 39.

IRREGULARITIES OP THE BOTTOM OF THE COAL BASIN.

The folds described in the last section are plainly the result of dis-

turbances which have affected the Coal Measures after the deposition of

the entire series. They are proximately parallel with the Alleghanies,

and are undoubtedly the gentler waves produced by the upheaval of this
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mountain chain at points remote from the center of action. We find,

however, in the coal basin proofs of disturbances which took place long

anterior to the elevation of the Alleghany Mountains, by which the

parallelism of our coal seams was in many places destroyed. We also

have evidence that before the deposition of the lower coals the surface

in which they accumulated was quite irregular, and by these irregulari-

ties their continuity was locally broken, and their extent north and

east, definitely limited. We know that the Alleghany Mountains proper

had no existence till after the close of the Carboniferous age ; bat the

Blue Ridge is much older, and our Alleghany coal field, during the depo-

sition of the Carboniferous rocks, was a broad, low plain—sometimes

above and sometimes below the water level—which stretched across

from the Cincinnati arch to the base of the Blue Ridge. This plain, or

bay, or lake—for it was all three at different times—had at the dawn of

the Coal Measure epoch a somewhat uneven bottom and irregular mar-

gin. Gravel hills which now form masses of conglomerate bounded it on

the north and were scattered irregularly over its surface, and here and

there along its western margin were ridges and knolls of Waverly rocks,

partly formed by erosion effected during the deposition of the Conglom-

erate, and partly due to folds which belong to the period of the Cincin-

nati arch. Over this surface the Coal Measures were deposited layer

after layer, like a fall of snow, filling all its valleys and burying its

hills, and producing finally an even and monotonous surface. The pro-

gress of this series of events was, however, not uniform, for, as we have

seen, the Coal Measure plain was at times elevated and deeply scored by

surface erosion ; but the irregularities produced at such times were all

obliterated by subsequent submergence and depositions.

The uneven character of the bottom of the coal basin is well shown

by the interruptions of the lowest coal seam, which was apparently de-

posited in a marsh of which the margin was fringed with points and

headlands, and the continuity broken by ridges and knolls which rose

above its surface. Hence we find this seam occupying a series of chan-

nels and basins separated by barren intervals of greater or less extent.

These are fully described in the reports on Trumbull, Portage, Stark and

other counties, through which the outcrop of coal No. 1 passes.

The buried hills of Waverly and Conglomerate rock which interrupt

the coal seams in the southern portions of the State are frequently re-

ferred to in the reports of Prof. Andrews. They also occur along the

western margin of the coal field north of the National Road, in Licking,

Knox, Richland, and Holmes counties. The most striking of these is

that seen along the line letween Richland and Holmes, where the Lou-
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donville hills, composed of Waverly rock, seem to have presented a

somewhat abrupt declivity toward the coal basin, against which the

Coal Measures were horizontally deposited to the depth of several hun-

dred feet. This is shown by the sections exposed on opposite sides of

the valley of the Mohican. On the east, the hills which bound the val-

ley contain seven workable seams of ooal, while on the west there are

none.

BOUNDARIES OF THE COAL FIELD.

The margin of the coal basin forms a tortuous line which enters the

State in the northern part of Trumbull county, passing thence south-

westerly to the valley of the Mahoning, where it is deflected far to the

south-east. West of Youngstown it runs through the southern town-

ships of Trumbull county, where it is deflected north nearly to the cen-

ter of Geauga county, where it incloses a long tongue and two or three

small islands. Thence returning into Portage, it passes south-easterly

through the southern part of Summit to New Portage, where it is de-

flected to the north-west and incloses a considerable area in south-eastern

Medina. Thence it runs south-westerly again through the corner of

Wayne to the south-western corner of Holmes. Thence it passes nearly

southward along the western margin of Holmes and Coshocton ; thence

south-westerly through the eastern part of Licking nearly to Newark.

Its course is thence for fifty miles nearly south to the center of Hocking,

where it turns slightly westward and passes through Vinton, Jackson,

the eastern portion of Pike and Scioto to the Ohio, which it crosses a

little above Portsmouth. The counties of which the surface is wholly or

mostly underlain with coal are Mahoning, Columbiana, Portage, Stark,

Holmes, Carroll, Tuscarawas, Jefferson, Harrison, Belmont, Guernsey,

Coshocton, Muskingum, Perry, Noble, Morgan, Washington, Monroe,

Meigs, Athens, Jackson, Gallia, and Lawrence. Valuable deposits of

coal are also obtained in some of the townships of Trumbull, Summit,

Medina, Wayne, Licking, Hocking, Pike, and Scioto. Patches of Coal

Measure rocks also occur in Geauga, Richland, and Knox, but it is doubt-

ful if they contain any valuable seams of coal.

CLASSIFICATION OF THE COAL STRATA.

The brothers Rogers (Profs. W. B. and H. D.) and J. P. Lesley, who
have studied most carefully that portion of the Alleghany coal field

" which lies in Pennsylvania and West Virginia, have divided the Coal

Measures into four groups, viz., the. Lower Coal Measures, the Lower
Barren Measures, the Upper Coal Measures, and the Upper Barren

Measures. Of the upper division— a series of sandstones and shales

9
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nearly 1,000 feet in thickness, which are found in the central portion of

the basin—we have no representatives in Ohio ; but of all the others

the equivalents are found in the different parts of our coal field. These

will be briefly described in the order of their superposition, beginning

with the lowest.

THE LOWER COAL MEASURES.

In Ohio we have immediately above the Conglomerate, if it be

present, if absent, resting on the Waverly, a series of six to eight

workable coal seams interstratified with sandstones, shales, limestones,

fire-clay, and iron ore, the whole forming a mass having an average

thickness of about 400 feet, which correspond in a general way with

the Lower Coal Measures of the Pennsylvania geologists. The coal

seams of this group have been numbered from 1 to 7, beginning with

the lowest. These are in part identical with the coal seams which

have been enumerated by Profs. Eogers and Lesley in western Penn-

sylvania, our Coal No. 1 being the Sharon Coal of Rogers, Coal A of

Lesley* ; No. 2, the Brookville (?) Coal of Rogers ; No. 3, the Clarion Coal

of Rogers, Coal B of Lesley ; No. 4, the Kitanning Coal of Rogers,

Coal C of Lesley; No. 5, the Lower Freeport of Rogers, Coal D of Lesley

;

No. 6, the Upper Freeport of Rogers, Coal E of Lesley ; No. 7, perhaps

the Elk Lick Coal of Rogers, Coal F of Lesley. We also have, in the

Lower Coal Measures two beds of limestone—underlying Coals Nos. 3

and 4—which are remarkably constant elements in the group. These

deserve special mention, as they may be traced almost uninterruptedly

from the Pennsylvania line to the Ohio, and are the most reliable and

useful guides in the exploration of the geology of the country traversed

by them. Higher up in the group are two other limestones, which,

though less constant, are widespread and conspicuous members of the

series. Of these, one underlies Coal No. 6 in the eastern part of the

State, and is the Upper Freeport limestone of the Pennsylvania geolo-

gists ; the other overlies Coal No. 7 in Stark, Tuscarawas, and Coshocton

counties; and is the associate—frequently the representative—of the

important Blackband stratum of this horizon. Although the Lower

Coal Measures exhibit many changes in the thickness and character of

the beds which compose them in passing from county to county along

their lines of outcrop, still their general structure remains the same,

and certain elements which they contain are so nearly constant as to

serve as a skeleton or framework by which the various sections may

* This is above, not under the Conglomerate, as represented by the Pennsylvania

geologists.
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almost always be satisfactorily correlated. This will be so apparent on

an examination of the sheets of grouped sections which accompany this

volume, that no further argument will be needed to prove the unity and

system which pervades our lower coal series.

The general arrangement of the strata which form the Lower Coal

Measures in Ohio will be seen at a glance by reference to the section

given below :

SECTION OP THE LOWEB COAL MEASTJKES OV OHIO.

No. Strata. Feet.

38
35
34
33
32
31
30
29
28
27
26
25
24
23
22

21
20

19
18
17
16

15
14
13

12
11
10
9
8

7

6
5
4
3

2
1

Red and gray shales of Barren Measures
Stillwater sandstone, often conglomerate
Gray shale, alternating with No. 34
Buff limestone, nodular and ferruginous ("Mountain ore")
Blackband iron ore, often replacing No. 32
Coal No. 7, "Cambridge," "Sheridan" and "Grof " coal
Fire-clay ;

Limestone, in eastern and southern counties
Shale and sandstone ,

Coal 6a, " Norris " coal, sometimes a limestone over it ,

Fire-clay :

Mahoning sandstone, often conglomerate
Gray or black shale, alternating with No. 25
Coal No. 6, " Straitsville," "Big vein" and "Upper Freeport" coal

Fire-clay -.

Limestone, "Freeport," or "White" limestone, in eastern counties
Gray or black shale, with nodular iron ore at base
Coal No. 5, "Mineral Point," "Newberry," "Roger," " Lower Freeport"

coal
Fire-clay, often non-plastic and excellent
Shale and. sandstone
Limestone, " Putnam Hill," or " Gray Ferriferous " of southern Ohio
Coal No. 4, often double, "Flint Ridge cannel," "Strip vein," "Kittan-
ning" .'

Fire-clay
Shale and sandstone, sometimes containing Coal 3a .'.

Limestone, with iron ore, blue, often cherty "Ferriferous" of Pennsyl-

CoalNo. 3, lower limestone, "Creek vein"
Fire-clay, extensively used for pottery

Shale and sandstone, "Tionesta" sandstone
Coal No. 2, generally thin, " Strawbridge" coal ,

Fire-clay
Shale

.

Massillon sandstone
Gray shale
Coal No. 1, "Brier Hill," "Massillon," "Jackson" coal.

Fire-clay
Sandstone and shale
Conglomerate -

0-50
0-50
0-10
0-14
2-7
3-5
0-10
40-50
0-6
3-5
0-50
5-50
3-12
3-5
2-8

25-50

2-5
3-6

20-40
2-8

1-7
2-12
20-90

2-6
1-4
5-15
30-50
1-5
1-3

20-50
20-80
5-40
3-6
3-5
10-50

The following notes on the lower group of coals and some of the strata

associated with them will not be without interest and value to those

who desire to acquaint themselves with our coal geology

:
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Coal Seam No. 1.

This is probably Coal A of the Pennsylvania geologists, and is popularly
known in north-western Pennsylvania, where it is largely mined, as

the Sharon, or Ormsby coal. It is there sometimes covered with heavy
patches of Conglomerate, and has been regarded as a sub-Conglomerate
coal, but, as I have shown elsewhere, its true position is above the Con-
glomerate. In Ohio it is the lowest seam in the series, usually from
twenty to fifty feet above the Conglomerate. It is best known here as the
"Briar Hill," "Mahoning Valley," or "Massillon" coal. In Jackson county
it is largely mined, and in the southern part of the State is known as the
" Jackson coal." This has heretofore been regarded as the most valuable

coal seam in the State, from the fact that in many localities it is of good
thickness, of remarkable purity, and well adapted in the raw state to

the smelting of iron ores. It is, indeed, a typical furnace coal, and forms

the fuel by which fully one-half the iron produced in the State is manu-
factured. Proof of its purity is furnished by the fact that a large amount
of iron is made with it which is used for the manufacture of Bessemer

steel, car wheels, etc. Unfortunately, this is an exceedingly irregular

seam. This peculiarity is due to two causes, which have been already

referred to, viz., it was the first accumulation of carbonaceous matter in

the great peat bog that subsequently became our coal basin. As a con-

sequence it occupies only the lower portions of the irregular bottom of

this basin, and was never deposited over the ridges and hummocks which

fringed the margin, or, as islands, dotted the surface of the old coal marsh.

The second cause of its absence is that it was extensively cut away by
currents of water in rapid motion which swept over the coal marsh in a

submergence that followed its formation. The channels excavated by

these currents were generally filled with sand, and this now converted

into sandstone forms the horsebacks which cut out the coal. They are

connected with the great stratum of sandstone which I have called the

Massillon sandstone, and which is generally separated from the coal by

a bed of shale ten to forty feet in thickness. Coal 'No. 1 has its best

development in the Mahoning Valley. It is here very compact, working

in large blocks, from which fact it has received the name of Block coal,

and is remarkably pure, as is shown by borings made in the analyses

given below.

In Geauga county the Briar Hill coal reaches as far south as Burton,

but only in a narrow strip and detached islands, and is then of little

value.

In Portage county it is mined at Palmyra, but its line of outcrop is here

concealed by heavy beds of Drift, and what its development is has not yet

been determined. It has been struck in borings made in the valleys of
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Bull Creek and Little Beaver, in Columbiana county, and at Limaville,

near the south line of Portage county ; and it therefore seems probable that

important basins of this coal will be found in Mahoning, Columbiana,

and Portage, south of its line of outcrop.

In Summit county Coal No. 1 underlies a considerable portion of

the townships of Tallmadge, Coventry, Franklin, and Gfreene. It also

reaches, in a narrow basin, so far into Medina county that its north-

western outcrop is within eight miles of Medina village. From Wads-

worth, Medina county, the western line of outcrop of Coal No. 1 pursues

nearly a southerly course to Fairview, in Wayne county, where it is

largely mined. At Clinton, Fulton* and Massillon, Coal No 1 has been

extensively worked for many years, and the mines in this vicinity sup-

ply a large amount of coal for the Cleveland market, as well as for iron-

making and .other industries at home.

In Summit and Stark counties this coal is generally more bituminous

than in the Mahoning valley, breaks more irregularly, and has less of

the block character. These physical differences are associated with a

slightly different chemical composition, as is shown by the table of

analyses. It is still, however, a very pure and highly esteemed coal.

It is used in the raw state in the furnaces at Massillon and Dover, with

satisfactory results; but from its inflammable character its combustion

is not quite so easily regulated as that of the Mahoning valley coal, and

somewhat more of it is required to smelt a ton of iron. As a household

fuel it hag no superior, and is preferred by those who use it to every

other variety of coal, even to the best cannel.

From Massillon to the Ohio river, along its line of outcrop, Coal No. 1

is, as a general rule, of little importance. It appears of workable thick-

ness at frequent intervals, but is usually thin, of inferior quality, and

often absent, or present as a mere trace.

In Holmes county it is worked at Spencer's Mill, and at Mote's mine,

two miles north of Napoleon. It is in these localities 2 to 4 feet in

thickness, and of good quality. It is also opened at Crawford's mine, in

Coshocton county, where it appears well.

In Jackson township, Muskingum county, north of Frazeysburgh, Coal

No. 1 is from 18 to 50 inches thick, open-burning, and of excellent,

quality.

In Madison township, Licking county, two miles south-east of Newark,,

,
Coal No. 1 was formerly worked by Dr. Wilson. It is 30 inches in thick-

ness, and fairly good. Coal No. 2 and the Zoar limestone are in position

above it. South of this point its line of outcrop has not been carefully

traced, but it is apparently of no great value between Holtnes and Jack-
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son counties. In Jackson it regains somewhat of its traditional char-

acter and value, and is quite extensively mined and used as a furnace

coal. It is here from 3J to 4J feet in thickness, is black and pure, resem-

,

bling in appearance, as it does in properties, the coal of the Mahoning
valley. It is, however, somewhat more laminated, and, perhaps, ap-

proaches nearer to the " block coal " of Brazil, Indiana.

How far Coal No. 1 extends through the coal basin, south and east of

its line of outcrop, has not yet been fully learned. It is reported to have
been reached in borings made at Cameron's Mill, on Bull Creek, Middle-

ton township, Columbiana county, at the depth of 166 feet, and is there

said to be four feet in thickness. It is also said to have been struck in

two wells bored in the valley of the Little Beaver, near Williamsport

;

but in the oil wells bored at Smith's Ferry and Island Run no traces of

it seem to have been obtained. This is not positive proof, however,

that it was not passed through by all of them, as, the boring was usually

done with a rope, and no attention was paid to anything struck in boring

unless it was oil. I have myself seen abundant particles of coal brought

up in the sand-pump from a well at Smith's Ferry ; but in other borings

made at a distance of only a few rods no coal was reported to have been

penetrated. At Limaville, on the line between Stark and Portage, the

Briar Hill coal was unquestionably reached in the boring of Dr. Dales.

In a well bored by Mr. Swalm, at Canton, Stark county, Coal No. 1 is

reported to have been struck at a depth of 160 feet below the Zoar lime-

stone. It is said to be there 6 feet in thickness. Quite a number of

borings made in the vicinity of Canton in search of this seam passed

through it, but in all these cases it is reported to have been thin—from

6 to 30 inches.

In borings made at the mouth of the Nimishillen, near Sandyville,

and at the Goshen salt well, above Dover, Tuscarawas county, the Mas-

sillon coal is said to have been struck, but I have not yet been able to

ascertain the truth of the report. In the boring made at the Sugar Creek

salt works the place of Coal No. 1 was distinctly marked, but it was

very thin.

In the two wells bored at Urichsville two thin seams of coal were

passed through under that of the Zoar limestone (No. 3) ; and at the dis-

tance of 165 feet below No. 3 a mass of coal and slate, several feet in

thickness, was passed through. This may represent Coal No. 1, as no

coal was found below it.

On the Ohio, below the mouth of Yellow Creek, a number of borings

indicated a coal seam of remarkable thickness, some 80 or 90 feet below

Coal No. 3, but when a shaft was sunk to it it was found to be mostly

black shale, and worthless.
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From these facts it is apparent that Coal No. 1 does not form a contin-

uous sheet in the central part of the coal basin, but that it underlies a

considerable portion of the area east of Massillon and south of Youngs-

town is almost certain. True caution should,-however, be observed in

making expensive explorations for this coal. It is proverbially irregu-

lar and patchy, even where best developed, along its outcrop, and borings

for it, therefore, are always uncertain.

One or two shafts sunk to the coal, some distance from its line of out-

crop, and opening up prosperous mining enterprises, will stimulate in-

vestigation, and lead ultimately to the thorough exploration of the area

of this coal.

Analyses of Coal No. 1.

No. 1. Chestnut Hill, Trumbull county Wormley.
"

2. Veatch's mine, Mahoning county Wormley.
"

3. Tallmadge, Summitcounty Mather.
"

4. Franklin township, Summitcounty Wormley.
"

5. Willow Bank, Massillon, Stark county '. Wormley.
"

6. Burton's mine, Lawrence, Stark county Wormley.
"

7. Mote's coal, Knox townBhip, Holmes county .-. Potter.

"
8. Jackson shaft coal, Jackson

"
9. Dr. J. A. Dales's coal, Limaville, Stark county Wormley.

1. 2. 3. 4. 5. 6. 7. 8. 9.

Specific gravity. 1.284 1.260 1.264 1.256 1.247 1.250 1.276 1.282

3.60

32.58

62.66

1.16

2.47

31.83

64.25

1.45

5.06

39.23

53.40

2.29

2.70

37.30

58.00

2.00

6.95

32.38

57.49
3.18

4.10

32.90

61.40

1.60

5.55

40.10
51.79

2.56

7.75

31.27

58.95
2.03

3.20

Volatile corn-

Fixed carbon ...

Ash

33.40

59.20

4.20

100. 100. 100. 100. 100. 100. 100. 100. 100.

0,85 0.56 0.55 • 0.92 0.88 1.07 1.21 0.53 0.82

Coal No. 2.

Coal seam No. 2 lies from 40 to 100 feet above No. 1. This difference

is occasioned by inequalities in the lower coal, which was evidently more

or less folded and disturbed previous to the deposition of the second seam.

Usually this is a thin coal, and one that has no economic importance, but

it is an almost constant feature in the sections of the rocks of the north-

ern portion of the coal field, and in a few localities becomes of practical

value.
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In Trumbull, Mahoning, Summit, and Stark this coal is usually from

12 to 18 inches in thickness, and is generally known as the " 15-inch

seam," occasionally swelling to two or two and a half feet.

In Holmes county it is a cannel, usually two to two and a half feet

thick, but at the Strawbridge mine locally expanding to a thickness of

six feet. In this particular locality it is a typical splint coal, having the

aspect of a cannel, but containing a relatively small amount of volatile

matter and a large percentage of fixed carbon. It is to be regretted that

recent explorations indicate that the unusual expansion of this seam near

Millersburg is quite local, as from its quality it would have proved a

very useful coal if the quantity had been large.

In the southern portion of the State two or more small coals lie near

the horizon of Coal No. 2, but it is not probable that either should be

considered identical with it.

It should also be said that in Holmes county another seam, generally

thin but sometimes workable, lies between Coals No. 1 and No. 2. This

is called the " iron coal," because of a bed of iron associated with it, but

it is so local that I have not thought proper to enumerate it among our

workable coals. On Michart's farm, two miles north of Napoleon, Holmes

county, this seam appears in greater force than any where else that it has

come under my observation. There it is composed of two benches of one

foot each, separated by iron ore, said by the owner—for it was not fully

shown—to be three feet thick. Other parties represent it as one foot of

ore in two of shale.

It will be noticed by reference to the reports and sections published by

Prof. Andrews, that a coal seam with which . iron ore is associated is

sometimes found in Jackson county, holding nearly the same position to

Coal No. 1 that this does.

Analyses of Coal No. 2.

No. 1. Millersburg, Holmes county, three miles south-west, Straw-

bridge cannel Wormley.

No. 2. Millersburg, Holmes county, three miles north-east Wormley.

1. 2.

Specific gravity 1.270 1.293

Moisture 2.15 1.30

Volatile combustible 28.65 41.66

Fixed carbon 52.70 41.20

Ash 16.50 15.90

100. 100.

Sulphur 2.13 1.55
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Coal No. 3.

This coal underlies the lower of the two limestones which I have

spoken of as rpmarkably constant features in the sections of our Lower

Coal Measures i u different parts of the State. It is more generally found

directly beneath the limestone, but is sometimes separated from it by as

much as twenty feet of shale. Like the second limestone coal, this is a

very variable seam, prone to become a cannel, and exhibiting marked

changes of thickness within limited areas. Near the eastern border of

the State it is usually a coking bituminous coal, from two to four feet in

thickness, of fair quality, but containing considerable sulphur. In Col-

umbiana county it lies near the bottom of the valley of the Little Bea-

ver, dipping to the south-east with the fall of the stream. It is quite

extensively worked in the vicinity of New Lisbon. At the latter local-

ity it is also coked, and the fire-clay beneath it is used for the manufac-

ture of fire-brick.

In the valley of Yellow Creek this is the lowest workable seam, known as

the " Creek vein." It is here from three to four feet thick, a bituminous,

coking coal, containing somewhat more sulphur than the seams which

overlie it. Along the Ohio in this vicinity it is opened in many places,

but in value it is completely overshadowed by the important bed of fire-

clay that underlies it, and which is the basis of a very extensive manu-

facture of pottery and fire-brick. This fire-clay is one of the most im-

portant in the series, and one which at its different outcrops supplies the

material from which stone-ware, fire-brick, etc., are manufactured to the

value of more than a million dollars per annum.

In the Mahoning valley Coal No. 3 is thin and of- no value ; but the

limestone over it is visible at a great number of localities, and is a useful

guide in searching for Coal No. 1, as it lies at an average height of about

160 feet above it. It also furnishes a considerable portion of the lime-

stone used as flux in the furnaces of the valley. Though nowhere show-

ing a single bed of greater thickness than three or four feet, this lime-

stone is sometimes doubled, and it is probably the equivalent of the

" Ferriferous limestone " of the Pennsylvania geologists. In all parts of

Ohio more or less iron ore is found associated with the limestone over

Coal No. 3, and the deposit frequently has great economic value.

In Summit county this coal, with its limestone and iron ore, is found

in the south-eastern townships. The coal is here thin, and has no prac-

tical importance ; but the underlying fire-clay is largely worked, and
supplies some forty potteries.

Through Stark and Tuscarawas counties Coal No. 3 lies for the most

part below the surface. It is exposed, however, in the valley of the

Nimishillen, below Canton ; in the valley of the Tuscarawas, at Zoar

;
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and at Zoar Station. In all this section it is rarely more than two feet

in thickness. In the south-western corner of Stark, however, in Sugar

Creek township, it becomes a bright, clean, and excellent coal, partially

open-burning, from three to three and one-half feet in thickness, and is

the seam mined at Fisher's bank, on the Tuscarawas Valley Railroad.

In Holmes county Coal No. 3 becomes locally of much value. It is

the seam worked at Mast's collieries and at Chambers's mines ; is about

four feet thick ; a semi-cannel, and good. At Harger's mill, in the eastern

part of Holmes county, it is five feet thick, part cannel, part bituminous.

In Mechanic township it is a true cannel, said to be eight feet thick

;

but it is not worked, nor so exposed that its value can be determined.

In descending the Tuscarawas river the coal seam, under consideration

is seen at a great number of localities, which will be found described in

the reports on Coshocton and Muskingum counties. It dips nearly with

the fall of the stream, and is seen for the last time at the water level in

the base of Putnam Hill, near Zanesville, where it is an impure cannel

from six inches to one foot in thickness. Throughout this region the lime-

stone which overlies it is nearly continuous, and is often very cherty.

In southern Ohio Coal No. 3 is a less constant feature in the geology

than further north. Its horizon is apparently marked, however, by a

limestone which, in Licking, Muskingum, Perry, Vinton, and Jackson

counties, lies from 120 to 170 feet above the Jackson coal. The coal

itself, however—of which the place is below the limestone—is generally

wanting, and where present is very thin. Nearer the Ohio, in Lawrence

and Scioto counties, as I learn from the reports of Prof.. Andrews, both

the coal and limestone have' disappeared.

Analyses of Coal No. 3.

No. 1. Glasgo's, near Nashville, Holmes county ; cannel Wormley.
" 2. Mast's coal, N. E. of Millersburg, Holmes county ; semi-cannel Wormley.
" 3. Collier's coal, " " " " Wormley.
" 4. "Creek vein," Yellow Creek; bituminous..: .Wormley.
" 5. Green's coal, New Lisbon, Columbiana county ; bituminous Wormley.

1. 2. 3. 4. 5.

Specific gravity 1.292 1.282 1.305 1.290 1.301

3.90

40.50

49.95
5.65

4.20

32.20

56.60

7.00

3.85

33.95

56.40

5.80

2.50.

36.60

56.30
4.60

1.30

Volatile combustible 37.10
Eixed carbon 57.15
Ash 4.45

100.00 100.00 100.00 100.00 100.00

1.55

Pulv'lent.
3:34

Compact.
2.06

Compact.
2.05

Compact.
1.95

Coke Compact.
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Coal No. 4.

Throughout the greater part of the belt of outcrop of the Lower Coal

Measures in Ohio, at a distance varying from 20 to 90 feet above Coal

No. 3, another coal, another limestone, and another ore bed are found,

which are no less marked and constant features in the series than those

just described. The resemblance between the two groups is so close that

it is not always easy to discriminate between them, and this has led to

some errors in our earlier reports.

The great variation in the interval which separates them has also led to

some difference of opinion, and has been considered by those who hold to

the theory of the strict parallelism of coal seams as proof of a want of con-

tinuity and identity in one or both groups. These strata have, however,

been traced with great care through many counties by several members

of the Corps who have had much experience as coal geologists, and they

are all agreed in regard to the relations of these limestone groups to

each other and to the associated strata. They also coincide with me in

the opinion that the kind of parallelism here shown is an argument

against the theory which has been referred to, rather than against the

continuity and identity of each group throughout the region it traverses.

Where the interval between the limestones is considerable, two and

sometimes three coal seams are found between them. With the excep-

tion of Coal No. 4, these are generally quite local in their extent, and

rarely attain workable thickness. One of these may be seen in the

northern part of Tuscarawas county, between Dover and Mineral Point.

It occupies about the middle of the. space between the' limestones, has a

maximum thickness of about three feet, and is of inferior quality. In

the Report of Progress for 1870 this seam is described and enumerated as

Coal No. 4, but subsequent observation proved that it was so local and

unimportant that it was regarded as unworthy to be numbered as one of

our series of lower coals. It has, therefore, been designated in our later

reports as Coal 3os.

In the valley of the Killbuck and that of the Tuscarawas the lime-

stones over Coals No. 3 and No. 4 may be traced almost continuously for

nearly 100 miles, where their relations to each other and the associated

rocks are so apparent that no one can mistake them. Here the distance

between the limestones is found to vary from twenty to ninety feet, af-

fording an excellent illustration of the local subsidences which took

place during the formation of our Coal Measures, and which have so fre-

quently occasioned a want of parallelism between our coal seams.

Like the lower limestone seam, Coal No. 4 is exceedingly variable,

both as regards its quality and thickness. ' It is also prone to divide
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into two or more benches, which are generally separated by fire-clay,

though sometimes by shale. These partings may increase in thickness

in short distances, so as to form two workable seams, illustrations of

which may be seen at Glasgo's, in Holmes county, and in the shaft at

Uhrichsville.

In Licking and Coshocton counties Coal No. 4 is locally from four to

six feet in thickness, and is cannel of good quality. This is the Flint

Ridge cannel, and that which is mined in Bedford and Jefferson town-

ships, Coshocton county.

Along the line of the Pittsburgh, Cincinnati and St. Louis Railroad,

between Coshocton and Trenton, Coal No. 4, with its limestone, generally

lies at the base of the hills, though sometimes carried beneath the sur-

face by local waves. At Uhrichsville Coal No. 4 is found nearly seventy-

five feet below the level of the Stillwater, as has been proved by borings

and a shaft. It is here double, the two portions being separated by from

six to twelve inches of fire-clay. In borings made at Dennison, three

miles distant, they are reported as separated by fifteen feet of fire-clay.

From Trenton Coal No. 4 may be traced up the valley of the Tusca-

rawas as far as Navarre, in Stark county, up the Sandy as far as Minerva,

and up the Nimishillen to the summit in Green township, Summit

county. In all these valleys it. lies above the streams, dipping with

them, and is exposed almost continuously, and the great changes which

it exhibits may be accurately noted.

Between Trenton and Zoar it is generally a cubical coal, from one and

a half to three feet in thickness, and is of little value. At Navarre, on

the west side of the river, it becomes five feet thick, with two clay part-

ings, and looks well. On the east side it is two and a half feet thick,

and poor. At Zoar station it is two feet thick, a cubical coal. Five

miles above, in the valley of Connotton, it is five feet thick, very slaty,

and worthless. At Sandyville it has been mined by J. A. Saxton, Esq.,

is a fairly good coal, but varies in thickness from two to five feet. At

Kelley's Point it is an excellent cannel, two and a half feet in thickness.

At the mouth of Indian Run, below Waynfcsburg, and on the Trumbull

Company's property, it is from four to seven feet in thickness, in two

benches, of which the upper is an open-burning coal closely resembling

the Briar Hill. In the valley of the Nimishillen, below Canton, Coal

No. 4 is usually a cubical coal, too thin to be worked. . At Browning's

Mill, however, it swells to a thickness of six feet, is partly cannel, and

very impure. About Canton it is largely mined, is a soft, bituminous

coal, four feet thick, and of fair quality. At Ruthauffs Mill, five miles

further north, it is seven feet in thickness, with two slate partings. At
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Greentown it is four to fiye feet thick, a bituminous coal of good quality.

At Alliance, on the eastern border of Stark county, Coal No. 4 is reached

and worked in the Alliance Fire-Clay Company's shaft. This is also the

coal which is mined at Atwater, and penetrated in the shaft sunk at

Edinburgh. In the former locality it is from four to five feet in thick-

ness, with a parting in the middle. It is here an open-burning, semi-

cannel eoal, much like what it is at Uhrichsville, and in the shaft of

the Trumbull Company on the Sandy, below Waynesburg. Its lime-

stone is here wanting.

In the valley of Yellow Creek Coal No. 4 is represented, as I have sup-

posed, by the Hammondsville " Strip vein," here as at Atwater without

its limestone.

On the eastern border of the State Coal No. 4 is probably represented

by the remarkably pure bituminous coal of Letonia and the cannel of

Canfield and Darlington, and hence is identical with the Kittanning

coal of Pennsylvania. The limestone over Coal No. 4 is that called by
Prof. Andrews the Putnam Hill limestone. It is also frequently referred

to in our reports as the gray limestone, to distinguish it from that over

Coal No. 3, which is designated as the blue limestone. The difference in

color indicated by their names prevails over several counties, but is not

universal. As has been before stated, both limestones are highly ferrif-

erous. The iron ore which accompanies them is sometimes in the form

of tiers of nodules of " kidney ore," which lie just above them ; some-

times as " plate ore," or sheets of calcareous clay, or on stone resting on

them ; or, finally, " block ore," a stratified mass of ore more or less com-

pletely replacing the limestones.

It often happens, also, that these limestones become earthy or bitu-

minous, and are converted into blue or black calcareous shale, full of the

fossil shells which abound in the limestones when purer.

The Putnam Hill limestone locally assumes still another phase which

I have not observed in the lower or Zoar limestone, i. e., it is converted

into a hydraulic lime by the addition of a considerable percentage of

earthy matter. In such circumstances it becomes somewhat laminated,

but retains its hardness, and frequently becomes almost as sonorous as

phonolite. Its thickness is usually increased. When freshly broken it

is still blue, but when weathered, its lime superficially dissolved out, and

its iron oxidized, it becomes brown, or even yellow, and would hardly be

recognized as a limestone. When assuming this phase it is sometimes

highly fossiliferous, and has then supplied us with by far the largest

portion of the Coal Measure mollusks obtained in the prosecution of the

survey. At Flint Ridge, at New Philadelphia, where the road to the
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Goshen salt well leaves the valley, and on the hills south of the Koko-

sing, where it joins the Mohican, on the west line of Coshocton county,

the Putnam Hill limestone assumes the character I have described.

Both the limestones under consideration, like most others contained

in the Coal Measures, yield a brown lime on calcination, and yet one

which produces an excellent mortar. This is undoubtedly due to the

quantity of iron and clay that they contain, and is one of the results of

their formation in shallow and circumscribed bodies of water, which
received the drainage of surrounding land surfaces carrying both iron

and clay.

Another striking characteristic of these and some other limestones of

the Coal Measures is the quantity of silex which they locally contain.

This is a marked feature in the Zoar limestone, and it becomes so cherty

as to be called flint, or burr-stone, in many parts of Tuscarawas, Coshoc-

ton, and Muskingum counties. In other portions of the Alleghany coal

field the higher limestones exhibit the same phenomena, and burr-stone

,

the calcareo-silicious rock of Hildreth, is met with in a great number of

localities, aside from the famous one at Flint Ridge, in Ohio, West Vir-

ginia, and Kentucky.

The origin of the silex in these flinty limestones has never been satis-

factorily explained. It has sometimes been attributed to hot springs, of

which the water contained much silica, but the general distribution of

the flint and the immense number of fossils sometimes contained in it,

seem to me insurmountable objections to this view. It seems to me more

probable that the silica was derived from microscopic organisms, such as

the diatoms. It is well known that at the present time very extensive

deposits of silicious earth (" infusorial earth ") are being made in our

lakes and lagoons. These are frequently associated with shell marl and

sometimes bog iron ore. In the Tertiary age, even more extensive beds

of diatomaceous silica were formed than any belonging to the present

age yet discovered ("tripoli," the polishing slate of Berlin, Monterey,

and Nevada, " infusorial earths," etc.). In the older formations no such

strata are found, and yet it is hardly probable that the low forms of life

from which these beds of silica are derived are of modern date. Prom

some experiments recently made by Mr. Henry Newton at my request,

we learn that the silicious shields of diatoms are more soluble than almost

any other form of silica known, and it seems to me quite possible that in

the older diatomaceous earths the individual forms have disappeared by

solution, and the mass has been converted into compact amorphous silica,

such as we find in our beds of chert. I would, therefore, suggest that in

many parts of the lagoons which, from' time to time, occupied the coal
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area, the shields of diatomacese accumulated in beds of considerable thick-

ness, and these, now blended and consolidated by solution, form our Coal

Measure burr-stones.

In this view, the wide diffusion of the silica and its blending with

and shading into purer limestone as though deposited in the quieter

nooks of the broad lagoon, its association with fossils and iron, are all

harmonious and confirmatory facts. If hot springs had furnished the

silica, we should be pretty certain to find it impregnating other strata

than the limestone, and should probably find some masses or accumula-

tions heaped up about the source of supply, but we have discovered

nothing of the kind ; and the careful observation of the facts in the

case has convinced me that the silica, like the lime, is indigenous and

not exotic, that is, that. it accumulated particle by particle as a sediment

at the bottom of water where it was slowly drawn from solution and fixed

by some vital agency.

Analyses of Coal No. 4.

No. 1. Sharples's bank, Bedford township, Coshocton county ; cannel.

" 2. Lyman's, Jefferson towhship, " "

" 3. Trumbull Company's shaft, Stark county ; bituminous.

" 4. Greentown, Summit county, "

" 5. Porter's coal, Hopewell township, Muskingum county ; bituminous.

" 6. Flint Ridge cannel.

' 1. 2. 3. 4. 5. 6.

1.149 1.357 1.322 1.294 1.431

1.50

44.40
44.50

9.60

1.75

38.45

41.55

18.25

7.00

30.80

59.50

2.70

3,25
38.75

55.05

2.95

38.60
53.70

7.70

100.00

2.60

Volatile combustible 40.20
44.00

Ash 13.20

100.00 100.00 100.00 100.00 100.00

1.72 1.34 0.65 1.73 1.34

CcAL No. 5.

In the western part of Holmes county the distance between the Putnam
Hill limestone and its underlying coal (No. 4) and Coal No. 6—to be de-

scribed further on—is little more than twenty feet, and no coal seam

occurs in the interval. In going toward the east from this point this

interval rapidly expands, until in Tuscarawas county it becomes as much
as one hundred feet, and one, sometimes two, coal seams are found in it.
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Where there are two, the upper of these is an impure cannel, which is

nowhere of notable thickness. This is referred to in our reports as Coal

No. 5a. Below this is another seam, first seen at Harger's Mill, in Holmes

county, where it begins with a feather edge. In northern Tuscarawas

county this has become one of the most important coals in the series^

and one that is traceable over a large area toward the south and east. It

is well shown about Mineral Point, where it. is the coal chiefly worked.

Here it lies about fifty feet above the gray or Putnam Hill limestone ; is

a bright, handsome, rather open-burning coal, four, feet in thickness. It

is roofed with black shale, which contains a notable quantity of kidney

ore. This has been quite largely worked by stripping in the vicinity,

and is a marked ore horizon in all this region.

Another distinguishing characteristic of Coal No. 5 in the vicinity of

Mineral Point is the fire-clay which underlies it. This is very pure, and

locally non-plastic. It is similar in appearance and properties to the

Mt. Savage fire-clay, and, like that, is largely used for the manufacture of

fire-brick of a superior quality.

This coal seam was numbered 5a in our first reports from the supposi-

tion that it was quite local, but proving to be wide-spread and valuable,

it is, in our later publications, designated as Coal No. 5.

In Stark county this coal is found in all the southern and eastern

townships, and is there known as the " 30-inch " seam, being thinner

than at Mineral Point, but retaining its good qualities, and being gener-

ally mined.

On the Tuscarawas branch of the .Cleveland and Pittsburgh Railroad,

Coal No. 5 is worked at the tunnel, where it lies below grade, and is known

as the "tunnel" seam. It is also mined on the Trumbull Company's

property, below Waynesburg.

At Alliance this is the seam worked in the shaft above the Pittsburgh,

Fort Wayne and Chicago Railroad. It has here a thickness of 3J to 4

feet, and is somewhat softer and more sulphurous than at Mineral

Point.

In the valley of Yellow Creek this -is the coal known as the " Roger

vein "—the next one below the " Big vein "—has a thickness of 3J to 4

feet, and is a fairly good coking coal.

In eastern Columbiana county Coal No. 5 is probably represented by

the " Whan seam," a coal of very variable thickness, but locally swelling

to 5 feet, and of excellent quality.

In western Pennsylvania this is known as the Lower Freeport coal.

Tracing Coal No. 5 southward from our starting point in Tuscarawas

county, we find it at Dover mined on the hill above the Sugar Creek salt
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well, having a thickness of about 3 feet, and of good quality. In the

southern part of Tuscarawas county Coal No. 5 is generally thin, but of

good quality. At Urichsville it lies 30 feet below Coal No. 6, is 2| to 3

feet thick, and not worked. At Port Washington it has been opened on

the property of the new furnace company, and its fire-clay, there plastic,

is used for the manufacture of fire-brick. It is here 3 feet thick, and lies

at about the level of the base of the furnaces. On the bank of the river,

in the same vicinity, it is 4 feet thick, and lies 45 feet above the gray

limestone, and 65 feet below Coal No. 6.

In northern Muskingum and Guernsey, Coal No. 5 thins out and dis-

appears over quite a large area. Here the interval between Coals No. 4

and No. 6 diminishes locally to 20 feet, just as at Fredericksburg, Wayne
county, and we have in these two localities the opposite sides of the

basin in which Coal No. 5 and a great thickness of associated strata

were deposited ; a good example of local subsidence during the formation

of our Coal Measures. " Twelve miles north of Zanesville Coal No. 5 ap-

pears again, thickening to the south." (Stevenson.)

In central and southern Muskingum county, Coal No. 5 is the first

workable seam above the Putnam Hill limestone, distant from it from

25 to 65 feet in different localities. It varies in thickness from 4 inches

to 4| feet, and is generally esteemed as a good coal. It is the lower bed

at Rocky Point, 22 feet below the Nelsonville seam, with iron ore over it.

At Joseph Porter's, Hopewell township, it is 3 feet thick, 47 feet above the

Putnam Hill limestone, and 45 feet below the Nelsonville coal. At

Fork's Mill Run, near Zanesville, it is 4 feet thick, 28 feet below the Nel-

sonville coal, and 65 feet above the Putnam Hill limestone.

" In Perry county this is known as the lower New Lexington seam. It is here

quite persistent, and has been considerably mined. At the. mines of the Miami Com-

pany, on the branch of the Zanesville and Cincinnati Railroad, it is 3 feet 10 inches

thick, and is 22 feet below the Nelsonville coal." (Andrews.)

About Nelsonville, Coal No. 5 seems to be generally present, though

scarcely at all worked. It is from 3 to 4 feet in thickness, and is said to

be of good quality.

"At the mines of the Hocking Valley Coal Company, York township, Athens

county, this seam is found at a distance of 27} feet below the main Nelsonville

seam. It was not measured, but is there popularly called the "3-feet vein." (An-

. drews.)

On the west line of Ames and Trimble townships, Athens county, Coal

No. 5 lies 35 feet below the " Great vein " (No. 6), and 30 feet above the

Putnam Hill limestone. It is said to be here 4 to 5 feet in thickness.

10
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No. 1.

({
2.

(t
3.

tl
4.

it
5.

Analyses of Coal No. 5.

Tunnel seam, Tuscarawas county.

Whan seam, New Lisbon, Columbiana county.

Roger vein, Elliottsville, Jefferson county.

R. Miller, Liberty township, Guernsey county.

Roger vein, Salineville, Columbiana county.

1. 2. 3. 4. 5.

1.375 1.474 1.300 1.267 1.304

3.20

39.70
52.95
4.15

1.15

40.45

53.75
4.65

1.00

31.60
64.40
7.00

3.00

36.20
58.00

2.80

1.65

37.35

53.80

A,sh 7.20

100. 100. ,100. 100. 100.

3.64 3.51 2.60 1.97 2.03

Coal No. 6.

This is probably the most interesting and important of all our coal

$eams. It attains greater thickness, occupies a wider area, and in its

different outcrops and phases supplies a larger amount of good fuel than

any other. It also seems destined to make in the future still more im-

portant contibutions to the wealth of the State. In the remarkable

section which terminates the coal field at its north-western corner, in

Holmes county, Coal No. 6 is only two feet in thickness, but it is here par-

tially cut away by the heavy sandrock (Mahoning sandstone) which over-

lies it in so many localities. A few miles further east, near Millersburgh,

at the mine of Judge Armor, it is six feet thick, in two benches, the part-

ing being near the middle.. Here it exhibits a character which it gener-

ally holds through northern Ohio, viz., it is a rather soft, but very bright

and black coking coal, containing a moderate amount of sulphur, but too

much to permit its employment for the manufacture of gas. Throughout

Holmes county Coal No. 6 is almost constantly present, running from

three to six feet in thickness, and is the source from which most of the

fuel used by the inhabitants is supplied. In Tuscarawas county it is

likewise the most important seam. On Stone Creek it is thin, but in ad-

joining localities it ranges from four to five feet thick. At Port Washing-

ton it is seven feet thick. Elsewhere, as.at Trenton, Urichsville, Dennison,

•Pike Run, New Philadelphia, the Goshen salt well, and in the valley of the

Connotton, it is nearly of the same thickness, from four to five feet. At
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Urichsville it is quite largely mined and coked by Mr. Andreas. The
Trenton mines have supplied a large amount of this fuel to the Cleveland

market for the last five-and-twenty years. Throughout all this region it

is a typical coking coal, which will make an excellent coke if. properly

washed.

In Stark county Coal No. 6 runs through all the southern and eastern

townships. It is the coal mined at Osnaburgh, and highly esteemed in

all parts of the county for blacksmiths' use. Throughout Mapleton,

Robertsville, and Paris this coal is from four to six feet in thickness, and

fully up to its average of excellence. Near New Chambersburgh it

crosses the line of the Cleveland and Pittsburgh Railroad, and stretches

thence continuously through the highlands of the watershed far into

Pennsylvania. At Salineville, Hammondsville, and Linton it is called

the " Big vein," and ranges from five to seven feet in thickness ; a coking

coal, not quite as pure as further west. At Linton it is underlaid by four

or five incbes of cannel, which is full of the remains of aquatic animals,

and is plainly the carbonaceous sediments of an open lagoon in the coal

marsh. About fifty species of fossil fishes and salamanders have been

taken from one mine at this locality..

Just above Steubenville Coal No. 6 dips below the river, and this is the

seam mined in the shafts at this point—Mingo, Lagrange, Rush Run, etc.

At Steubenville it is about four feet in thickness ; a partially open-burn-

ing coal of great excellence. It has been considerably used in the raw

state for the manufacture of iron, but is now more generally coked. At
Rush Run it is from seven to eight feet in thickness, but is not quite so

pure as at Steubenvile, and is more broken by partings.

In all the northern part of Columbiana county this coal is found in an

almost unbroken sheet. Near New Lisbon it is the coal mined on the

Shelton, Arter, Teagarden, and Marten farms, ranging from four to seven

feet thick. About Achor and Palestine, on the eastern line of the county,

the coal of No. 6 becomes purer, but somewhat thinner than further west.

This is the seam mined at Carbon Hill, and in this region is generally

known as the "four-foot" or "Carbon Hill seam." At Achor it is mined

by Isaac Dike, Burt, Burson, Booth, and others ; the coal is from three

and a half to four and a half feet thick, and very clean, bright, and pure.

At the Sterling mines Coal No. 6 is worked by Freeman Butts, Esq., and
is largely sold as a gas coal.

Throughout eastern Columbiana county, and over a large area in west-

ern Pennsylvania, Coal No. 6 is underlaid by a bed of limestone of from

two to eight feet in thickness; but this disappears, or is only occasion-

ally seen toward the west. By the Pensylvania geologists our Coal No. 6
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is called the Upper freeport seam, and the limestone under it is called the

Freeport limestone.

Going southward from our starting point in Holmes county, we find

that Goal No. 6, in Coshocton, exhibits an excellent development. It is

mined in a great number of places, for the most part retaining the char-

acters that have been alraady attributed to it. Here, as elsewhere, it

usually lies in two benches, with a parting usually below the middle.

At Coshocton, and in that vicinity, it is harder and purer than further

north ; is largely mined and shipped on the Pittsburgh, Cincinnati and

St. Louis Railroad. Though not yet used for iron-making, if properly

coked, the coal of this seam in Coshocton county would supply a very

large amount of good furnace fuel.

South of the National Road Coal No. 6 acquires such magnitude and

excellence that it,quite overshadows all the other coal seams of the State.

In Muskingum county it has much the appearance it has further

north, but is not so thick and pure as in Coshocton. In the adjoining

county of Perry it expands to a maximum thickness of nearly thirteen

feet, and is the " Great vein " of the Straitsville region. It is also of ex-

cellent quality, is open-burning furnace coal, containing a small amount

of sulphur, and is successfully used for the manufacture of gas. The

identity of the Straitsville coal with No. 6 will hardly be questioned by

any one who follows the seam down through its line of outcrops and

mines by which it is connected with the No. 6 of Coshocton, Holmes, and

Tuscarawas. It is almost always recognizable by its dimensions, its

partings, and by its relation to the Putnam Hill limestone and Coal No.

5, below, and to the Cambridge coal and the Crinoidal limestone (Ames

limestone)' of the Barren Measures, above.

What the reach of Coal No. 6 toward the east and back from its line

of outcrop in Perry and Athens may be, we do not know ; but it has been

struck in borings in numerous localities where it had passed 100 feet be-

low the surface, here maintaining a thickness of from 8 to 12 feet. It is

highly probable that it extends beneath a large tract of country east of

where it is now mined, where it is, far below the surface, readily accessi-

ble by shafts. It will be remembered that in passing southward on the

Ohio, Coal No. 6 becomes thicker than further north, and we are thus en-

couraged to hope that its greatest development is in this direction.

The- Straitsville coal has not been certainly recognized south of Athens

county. If extending further in this direction, it is, on its western out-

crop, much diminished in thickness and value.
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No 1.

tt
2.

n
3.

a
4.

a
5.

a
6.

it
7.

a
8.

a
9.

tt
10.

it
11.

a
12.

it
13.

Analyses of Coal No. 6.

Arter farm, New Lisbon, Columbiana county.

Isaac Dike's mine, Camp Run, Columbiana county.

Salineville, Big vein, Columbiana county.

Linton, " "

Carbon HiU, "

Saunders', Millersburg, Holmes county.

Andreas' mine, Uricbsville, Tuscarawas county.

Steubenville shaft coal, Steubenville, Jefferson county.

A. B. Hamilton, Waynesburg, Stark county.

Keith's mine, Coshocton county.

Muskingum Valley Coal Company, Hock Run, Muskingum county.

New Straitsville, Perry county.

Nelsonville, Athens county.

'

1. 2. 3. 4. 5. 6.

*

1.260 1.276 1.280 1.276 1.280

1.60

29.29

64.50
4.00

1.369

Volatile combustible
3.45

35.56
56.36
4.63

1.525

38.425
57.925

2.125

, 1.40

34.60
59.55

4.45

2.60

35.17

55.80

6.43

5.10

39.00

51.70

Ash 4.20

100.00 100.00 100.00 100.00 100.00 100.00

2.50 1.22 2.11 2.63 2.80 2.26

7. 8. 9. 10. 11. 12. 13.

1.244 1.305 1.273 1.339 1.293 1.269 1.28

Volatile combustible
3.20

34.20

58.00
4.60

1.40

30.90
65.90

1.80

3.30

33.30

60.00
3.40

4.00

36.20
54.70

5.10

3.47

37.88

53.30
5.35

100.00

6.90

30.25

58.19

4.66

5.95

32.38

57.12
Ash 4.55

100.00 100.00 100.00 100.00 100.00 100.00

1.54 0.98 0.66 2.69 2.235 0.79 0.77

THE MAHONING SANDSTONE.

Coal No. 6 is immediately overlaid by a greater or less thickness of

shale. This is sometimes argillaceous, with many impressions of coal

plants ; in other localities—as in Holmes county—it is black, bitumin-

ous, and is crowded with fossil shells. Neither the plants nor shells,

however, are peculiar to this seam, but are species widely distributed

throughout the Coal Measures, both vertically and laterally. Occasion-
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ally the shale bed above Coal No. 6 is thick, and runs up to the next

seam; but more generally, at a distance of from three to twenty feet/

comes in a massive sandstone, which is a marked feature in the Coal •

Measure series. In Pennsylvania this is called the Mahoning sandstone,

and is a conspicuous and much used landmark in all descriptions of the

stratigraphic geology of that region. It is there made the dividing line

between the Lower Coal Series and the Barren Measures. In Ohio it is

not quite so important an element in the geological column, but it is

still of sufficient consequence to deserve special notice. It is usually a

coarse, brown or yellow sandrock, holding the same relations to Coal No. 6

that the Massillon sandstone does to Coal No. 1, and it is evidently the

product of a similar change of physical condition. L.ike the Massillon

sandstone, too, it occasionally dips down and cuts out the coal along the

line of the currents of water by which its materials were distributed.

The Mahoning sandstone is, however, distinguished from its lower rep-

resentative by being occasionally a conglomerate, e, character which I

have never seen the Massillon sandstone assume. The quartz pebbles

of the Mahoning sandstone are usually small—from the size of a grain

of wheat to that of a bean—rarely becoming as large as a cherry. This

will serve to distinguish it from the Carboniferous Conglomerate, which

lies three hundred feet below, in which the pebbles are sometimes several

inches in diameter. This will not serve, however, as an infallible diag-

nostic feature, since some of the sandstones higher in the series—espe-

cially one over Coal No. 7—occasionally take on this character of the

Mahoning. The best exibitions of the conglomerate phase of the Ma-

honing sandstones which have come under my observation are in south-

eastern Columbiana county, and in northern Tuscarawas county, about

Zoar. I may say in this connection that, in my judgment, far too much
importance has been assigned to the Mahoning sandstone as a guide in

the identification of our coal seams. Though very frequently, perhaps

generally, found oVer Coal No. 6, it is by no means constant throughout

even the Ohio portion of the Alleghany coal field ; and if it would be

unsafe to trust to it as a means of determining the position of the asso-

ciated strata here, it must be much more so over a larger area. It is

plainly the effect of causes that Were local in their action, and it is far

less constant and useful as a geological guide than the limestones of the

Goal Measures, some of which were the products of general submergences,

and are continuous over very wide areas. The statement that the Ma-

honing sandstone is common to both the Alleghany and Illinois coal

fields is rendered improbable by strong a priori reasons, and it has not

been confirmed by the latest and most eareful observations.
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Coal No. 6a. (Nobkis Coal.)

In the northern portions of the Ohio coal field we often find a trace of

coal, or a thin coal seam, about 50 feet above Coal No. 6, but this very

rarely becomes of workable thickness. In goings southward it is first seen

in southern Tuscarawas and northern Guernsey county. It is there

local, but when present is thin and overlaid with a mottled brecciated

limestone, such as occurs higher up in the Barren Measures, but which

is quite unlike anything found below.

South of the National Road, in Perry and Athens counties, a coal eome«

in from 30 to 50 feet above the " Great vein," called by Prof. Andrews the

" Norris coal,," which locally attains a thickness of six feet, but apparently

has not a very wide lateral extension. It is a coking coal, softer and

more sulphurous than that of the " Great vein," but in its best phases is

a good smith's coai, and one that will probably make a serviceable coke.

Coal No. 7.

Throughout Tuscarawas county, and in parts of Coshocton, Holmes,

Stark, and Carroll, we find a strongly marked coal and iron horizon about

100 feet above Coal No. 6. The coal is here of no great value—from eighteen

inches to three feet in thickness—and is usually soft and sulphurous.

Resting upon it, however, is the most valuable deposit of iron ore in the

northern part of the State, and, indeed, one that is, locally, richer thaii

any other found in our Coal Measures. This is a blackband ore, which some-

times reaches a thickness of twelve feet, but is oftener three to six feet.

It is not a continuous deposit, however, within the territory it occupies,

and it runs out in every direction, so that it can be detected in but few

localities outside of Tuscarawas county.

In some places, overlying this blackband ore—in others taking it*

place 1—is a limestone which is usually nodular and so highly charged

with iron that it becomes a valuable calcareous ore. This is popularly

called Mountain ore, from the fact that it occurs in the summits of the

hills. It is also, locally,' a limestone without ore, but containing some

iron, so that it weathers buff.

The group of strata I have described is best shown in Tuscarawas

county, in the hills, above Zoar Station, and those on the head of Stone

Creek and near Port Washington. In the first mentioned locality the coal

is three feet thick, but poor. The blackband and nodular calcareous ore

both appear above it, and have been extensively worked. At Wilhelmi'e

Ore bank, On Stone Creek, and at Port Washington, the coal is from one and

a half to two feet thick, is taken out with the ore and used in calcining ii
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In Stark county Coal No. 7, with its blackband ore, occurs only in the

hilltops in Robertsville and Osnaburg, and in Carroll county only in

Ross township, between Waynesburg and Morges, where it is worked

by Messrs. Rhodes and Card, of Cleveland.

In Holmes county Coal No! 7 is found in the tops of the hills both

east and west of the Killbuck. It has here a thickness of from four to six

feet, and is of good quality, but it has little cover, and is sparingly

worked. No blackband ore is found over it. It here varies from 43 to

100 feet above Coal No. 6. In the eastern part of Carroll county Coal

No. 7 is worked in various places near Mechanicstown and Waltsville.

Thence it is traceable continuously down Big Yellow Creek to Hammonds-
ville, and into the valley of the North Fork of Yellow Creek at Saline-

ville. In all this region the coal is of excellent quality, and is exten-

sively mined and shipped. At Salineville it lies 54 feet above No. 6

;

near Yellow Creek, from 50 to 70. At Salineville it is known as the

" Salineville strip vein." It is here the highest workable coal in the

series, and is overlaid by 300 feet of the Barren Coal Measures, strongly

marked by heavy beds of red shale. The crinoidal limestone (Ames

limestone) here lies 250 feet above it, and a nodular, earthy limestone

occurs a few feet below it.

Toward the eastern margin of the State, Coal No. 7 lies from 50 to 60

feet above Coal No. 6, and is there the uppermost workable seam, the

gray and red shales of the Barren Measures reaching to the tops of the

hills. In this section it is about three feet thick, and, as at Salineville,

is an excellent coal. Its relations to Coal No. 6 may be well seen at'

Palestine, where it is the seam worked by Burnett and Joy, while the

next lower coal (No. 6, "Upper Freeport,") is the Carbon Hill seam.

About the mouth of Yellow Creek Coal No. 7 is known as the " Groff

vein," and a few miles below, on the Ohio, it has been extensively worked

at New Cumberland, in West Virginia, and on the Ohio side opposite.

Here it i§ four to four and a half feet thick, and of superior quality.

Near Steubenville this seam appears to run out, and no workable coal is

found between the Steubenville shaft coal, No. 6, and the Pittsburgh

seam, No. 8, an interval of over 500 feet.

In the southern part of Carroll county, about Leesburgh, Coal No. 7 is

well developed, acquiring a thickness of four and even locally five feet,

and is of fair quality. It is quite largely mined in t*his vicinity, and in

the corner of Harrison along the railroad. Thence it is traceable by a

continuous line of outcrop into the valley of the Stillwater, and up that

valley to Freeport, near which place it dips to the south and east below

the surface and disappears. In all this region it is practically without
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the blackband, but is covered with a black shale which is highly ferru-

ginous, and sometimes contains a few inches of good ore. On the Still-

water and in northern Guernsey county Coal No. 7 is generally overlain,

not. immediately, but at a distance of a few feet, by a heavy bed of sand-

atone, which is often a conglomerate coarser than that over No. 6, the

pebbles sometimes attaining the size of a hickory nut. This conglomer-

ate may be seen in Tuscarawas county, overlying the blackband and No. 7,

in the hills between New Philadelphia and in the valley of the Connot-

ton. It is here succeeded above by the brilliantly colored shales of the

Barren Measures, which are never found below Coal No. 7.

By Prof. Stevenson, who has traced all the lower coals through from

the Tuscarawas valley to the National Road, the coal so largely mined at

Cambridge, Guernsey county, is supposed to be our Coal No. 7. It is also

the " Alexander" coal of Muskingum county, which is thought by Prof.

Andrews to be the "Sheridan," or "Bayley's Run" coal, which reaches

through, almost uninterruptedly, to the Ohio river. By many persons

this seam is believed to be further extended into north-eastern Kentucky,

and there to be the famous " Coalton," or " Ashland" coal, so much used

in iron-making. This identification is, however, somewhat conjectural.

In Muskingum county the Alexander coal (No. 7) is of varying thick-

ness and value, but it is reported by Prof. Andrews to attain in some

localities—Brush Creek and Wayne townships—a thickness of six feet.

At the mines of Mr. William Alexander, in Washington township, it is

extensively worked, and has a good reputation. In this region it lies

from eighty to ninety feet above the horizon of Coal No. 6, and is repre-

sented by Prof. Andrews to have a limestone with iron ore a few feet

below it. In Perry county this is, the second seam above the " Great vein,"

from which it is separated by an interval of from seventy to ninety feet,

the " Norris coal " (6a) lying from forty to sixty feet below it. On Snow
Fork the three seams may be seen in the same section at various places.

Coal No. 7 is here from three to five feet in thickness, with limestone

and iron ore generally visible below it. In Athens county Coal No. 7 is

apparently represented by the Bayley's Run coal. This is the seam

most extensively worked, and regarded as the most important in the

county, though hereafter it may be overshadowed by the working of the

Nelsonville seam below drainage. The Bayley's Run coal has been very

fully described by Prof. Andrews in his reports on Athens county, and

it is recognized as one of the most valuable coal seams of southern Ohio.

Its thickness in Athens county is generally from four, and a half to

five feet. It is a coking coal, which usually contains considerably

more sulphur than Coal No. 6, but in many localities it seems to be
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pure enough to make an excellent coke. Prof. Andrews regards the

Ferriferous limestone, with its coal, as representing, in Jackson, Gallia

*and Lawrence counties, the horizon of the Nelsonville seam, and recog-

nizes the "Alexander" and "Bayley's Run" coal in the "Sheridan" coal,

which lies seventy or eighty feet above. If this identification is correct,

the " Newcastle " coal, which is the first seam above the Ferriferous lime-

stone, and from twenty to thirty feet above it, holds about the position

of the " Norris " coal of Perry county, aiid may be identical with it.

Analyses of Coai^No. 7.

1. Joy and Burnett, New Palestine, Columbiana county.

2. Salineville Strip vein, Salineville,
"

3. New Cumberland coal, Elliotsville, Jefferson county.

4. Taylor's coal, Holmes county.

5. Jacob Buckstone's coal, Mechanicstown, Carroll county.

6. Cambridge coal, Guernsey county.

7. E. D. Nyce, Center township, Guernsey county.

8. Alexander coal, Perry township, Muskingum county.

9. Bayley's Run coal, Trimble township, Athens county.

10. Sheridan coal.

1. 2. 3. 4. 5.

1.302 1.299 1.323 1.269 1.288

1.40'

36.80
56.80

500

1.70

34.30
59.50
4.50

0.90

31.10
60.70

• 7.20

7.30
34.90

54.40

3.40

2.80

30.20

64.10

2.90

100. ' 100. 100. 100. 100.

2.00 1.62 5.49 2.14 1.23

. 6. 7. 8. 9. 10.

1.316 1.281 1.252 1.341 1.288

3.00
34.15

57.39

5;46

3.30

32.30

60.30
4.10

6.15

30.97

58.47

4.41

4.75

34.90

54.95

5.40

5.35

33.00
58 65

Ash ;..; ; 3.00

100. 100. 100. 100. 100.

2.57 2.80 0.41 2.40 1.44
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THE BARREN COAL MEASURES.

By the Pennsylvania geologists the term Barren Measures was given

to the strata lying between the Mahoning sandstone and the Pittsburgh

coal, in western Pennsylvania. These consist of alternations of sand-

stone, shale, and limestone, to the thickness of about 400 to 500 feet. For

the most part this series consists of shales which are peculiarly high-

colored, being often bright yellow, red or blue, or red and yellow mottled-

These constitute a peculiar feature in the geological column, and one

which serves to identify the horizon at a glance, as no such shales are

found above or below. With these are interstrati'fied numerous layers

of nodular, frequently ferruginous, limestone. Here and there streaks

of coal run through the strata, but they rarely become of workable thick-

ness ; and this is emphatically, as its name indicates, barren ground. At

the summit of this series lies the Pittsburgh limestone, and above this

the great Pittsburgh coal seam (Coal No. 8, or H), the first and lowest of

the upper coals.

Coming westward into Ohio, we find the Barren Coal Measures holding

for a long distance almost precisely the character I have described. They

are found to contain, however, in Columbiana county, even at the Penn-

sylvania line, a workable seam of coal, our No. 7, above the place of the

Mahoning sandstone. This may be the representative of the Elk Lick

coal of Pennsylvania, or, as likely, a new element introduced into the

series. In either case it is so continuous and important a coal seam,

and is so closely associated with our group of lower coals, that I have

classed it with them. Near Steubenville^ however, we find the Barfefi

Measures as completely barren as they are in Pennsylvania. Coal No. 7 has

there run out, and throughout the entire interval of 502 to 564 feet between

Coal No. 6—the Steubenville shaft coal—and the Pittsburgh seam, which

crowns the hills in the vicinity, no coal of workable thickness is found.

Just at this point the Barren Measures are mostly shales, but on the oppo-

site side of the river, and on the Virginia side of the Ohio for some miles*

above, they are replaced by heavy beds of sandstone.*

* I may here remark in passing that this region was peculiar for the formation of

sandstones almost throughout the Coal Measures, as will be seen by reference to the

sections given by Mr. Briggs in the annual report of the Geological Survey of Vir-

ginia, under Prof. William B. Rogers. From these we learn that at Sew Cumberland,

below Coal No. 7, sandstones fill nearly the entire space and cut ail other coals to

Coal No. 3, while on the opposite side of the river, a little above, this interval is

filled for the most part with shales, and contains three workable seams of coal. A
little further down the river, in Vineyard Hill, opposite Steubenville, which lies

entirely above the place of Coal No. 7, that coal is cut out, and the Barren Measures

are composed mostly of sandstone, as remarked above.
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In western Columbiana county the Barren Measures are finely shown
in the range of high hills which border Yellow Creek. The section here-

,

shows most of this lower coal group well developed; about Hammonds-
ville, Nos. 3, 4, 5, 6, and 7, all of workable thickness ; at Salineville, coals

Nos. 6 and 7 only above drainage. Over these the hills rise to the height

of 350 feet, and are for the most part composed of gray, yellow, and red

shales ; the latter predominating and giving a marked character to the

landscape. Two thin seams of coal are here seen in the Barren Meas-

ures, but neither mote than a few inches thick. Of these the>upper lies

just over the crinoidal limestone at a distance of about 250 feet above the

Salineville Strip vein (No. 7). This crinoidal limestone is one of the

most constant elements in the Barren Measures, as it runs through the

entire series of counties underlaid by this group. This is Prof. An-
drews's Ames limestone, and is frequently mentioned in his reports on the

southern counties. Its normal place is 140 to 150 feet below the Pitts-

burgh coal ;* and in the central and southern portions of the State it is

so constant in its presence and position that it forms a most useful guide.

This is illustrated by the fact that the late Prof. Hodge, when con-

nected with the survey, in making a reconnoisance of Jefferson, Harrison,

and Carroll counties, used to call it the " blessed little limestone," thereby

expressing his appreciation of its usefulness and reliability as a geologi-

cal guide. In south-eastern Ohio the Ames limestone is reported by

Prof. Andrews to be as universal in its distribution and as inflexible in

its position as farther north. It also has considerable palseontological

interest, as it has furnished us a long list of fossils, which will be found

enumerated in the reports of Prof. Stevenson. . These are for the most

part species common to other portions of the Coal Measures, but among
them are some fish teeth which I have obtained from no other stratum.

These are Petalodus Alleghaniensis and Peripristis, n. sp. I have also col-

lected these fossils from the same limestone at Pittsburgh, and they may
perhaps be characteristic of it.

In central and southern Ohio the Barren Measures are less barren than

farther north and east. The beds of coal which occur in them are more

numerous, and they locally attain, in several instances, workable dimen-

sions. They are, however, much smaller and less continuous than those

of the lower or upper groups. In Carroll county one of these coals is

seen at Harlem. Springs, and is called the Harlem coal. It is mined in

* This interval increases, however, toward the east. At Steubenville the crinoidal

limestone is 225 feet below the Pittsburgh coal, and in western Pennsylvania it be-

comes 350 feet before the limestone is lost sight of.
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several places ; is a little over two feet in thickness—a very pure, semi-

cannel coal, but, like all the coals of the barren group, it is unreliable.

This is found directly beneath the crinoidal limestone, and is numbered

coal 76 by Prof. Stevenson. Coal No. 7a, in the same region, is 65 to 90

feet below the last mentioned, and is usually but a few inches in thickness.

In Jefferson county two seams of cannel coal are found high up in the

Barren Measures, but they are of poor quality, and are local.

In Muskingum and Guernsey counties the Barren Measures contain

more coal and limestone than farther north and east ; but none of the

coals have any considerable value or constancy. The thickness of the

group is here from 300 to 350 feet, or about 100 feet thinner than on the

Ohio at Steubenville. In this estimate I include only the strata between

the Sheridan and Pomeroy coals

—

i. £., between No. 7 and No. 8. This

interval in southern and central Ohio can hardly be called the Barren

Measures ; but it contains no seams of coal which in permanence and

dimensions compare with those above and below. Prof. Andrews re-

ports a limestone which traverses the Barren Measures in central and

southern Ohio at a distance of about 2-25 feet below the Pomeroy coal.

This he calls the " Cambridge " limestone. It is not distinctly recog-

nizable in the counties lying north of the National Road.

THE UPPEB COAL MEASUBES.

In Ohio, as in Pennsylvania, the interest in the Upper Coal Measures

centers mainly in the Pittsburgh seam, as this is by far the most impor-

tant both as regards thickness and persistence. By the Pennsylvania

geologists it has been denominated Coal No. 8, or H, according as num-
bers or letters were used to designate the seams in ascending order. As

has been already learned from the preceding pages, the Pittsburgh coal

forms No. 8 of the Ohio series, being the first workable seam of the

upper group. Above this we have on the Ohio three workable coals,

with three or four smaller ones distributed through three hundred feet

of strata, which have the same general character with those that com-

pose the Lower Coal Measures

—

i. e., they are alternations of fire-clay,

coal, shale, limestone, and sandstone. In the interior of the State the

Upper Coal Measures form a group of equal or greater thickness, but

they contain a smaller number of workable coal seams. That which has

been called by Prof. Andrews the " Cumberland " seam is almost the only

one that deserves to be classed with the strongly marked and wide-spread

seams which compose the lower group. There are also comparatively

few deposits of iron ore in the Upper Coal Measures, and none of the fire-

clays are, so far as yet known, equal to those
1

under Coals No. 3, No. 5 and
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No. 1, which in Scioto, Columbiana, Jefferson, Tuscarawas, and Summit
rival the coal seams in economic value, and supply the materials by

which great industries are sustained. It will be noticed also that none

of the upper coals, so far as yet examined, are open-burning, and capable

of use in the raw state as furnace fuels. In one respect only can supe-

riority be claimed for the Upper Coal Measures over the Lower, and that

is, in their hydraulic lime. As has been before mentioned, some of the

limestones of the lower group occasionally become earthy, and are capa-

ble of furnishing hydraulic lime of fair quality. The locks of the Sandy

and Beaver Canal were laid up with cement manufactured from one of

the lower limestones. In the Upper Coal Measures, however, under Coal

No. 9, is a stratum of hydraulic limestone, from which is manufactured

a large amount of cement, proved, by ample tests to be fully equal in

quality to any other made in this country.

The following section of the Upper Coal Measures, as they appear along

the Ohio, has been prepared at my request by Prof. Stevenson

:

SECTION OF THE UPPER COAL AND BARREN MEASURES.

No.

36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

Strata.

Limestone
Sandstone
Coal No. 13
Sandstone and shale
Coal No. 12
Sandstone and shale
CoalNo. 11 (Waynesburg) ..

Fire-clay
Sandstone and shale
Limestone
Sandstone
Coal No. 10
Fire-clay
Sandstone
Coal No. 9
Fire-clay
Limestone
Black shale
Coal No. 8 (Pittsburgh, H)
Fire-clay ] W
Limestone
Shale and sandstone,
Shale
Crinoidal limestone..

Shale
Coal No. 76 (G)
Fire-clay

Feet. No.

7

40
lto 2

70
lto 6

20 to 40
lito 4

1

50
6

45
3to 6

3

35 to 40

2i
i

30 to 70
2 to 10
4to 8

3

4 to 30
110

5 to 10
2 to £8
lto 17
}to 4

2

Strata.

toShale and sandstone.
Shale
Coal No. la
Fire-clay
Sandstone and shale.

Coal No. 7 (F)
Fire-clay
Limestone ....>....

Mahoning sandstone .

In Belmont county the
section between coals Nos.

8 and 9 diners somewhat
from the above, owing to

intercalated beds, and is

as follows

:

Coal No. 9
Limestone
CoalNo. 8c

Fire-clay
Sandstone
Coal No. 86, with shale
(Sewickley)

Limestone
Coal No. 8a. (Bedstone)
Limestone
Shales
Coal No. 8 (Pittsburgh) ...

Feet.

50 to 100
2 to 10
lto 6

1
50
5
3
10

Oto

2to

2to

5 to

70
4
2

35

1

20

H
25

Coal No. 8.

Coal No. 8, or the Pittsburgh seam* enters Ohio in Jefferson county,

where it caps the hills north and west of Steubenville, about 500 feet
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above the river and Coal No. 6, and reaches to about the south line of

Carroll. Going thence southward, it exhibits two lines of outcrop, one

in the valley of the Ohio, the other traversing the interior in a tortuous

but generally south-west direction. At Knoxvilie and Richmond the

coal seam is from three to four and a half feet in thickness, generally with

little cover and of poor quality ; thence to Steubenville it is interrupted

but southward from this point it is mined almost continuously to and

below Wheeling. The dip is here rapid. At Mingo it lies 360 feet above

the river, 513 feet above Coal No. 6, where mined in the shaft. At
Lagrange it is a little higher than at Mingo, being 378 feet above the

Ohio. At Rush Run it is 306^feet above the river, 511 feet above Coal

No. 6. At Tiltonville it is 230, Martin's Ferry 148, Kirkwood 135, and

at Bellaire 120 feet above the river level. At Wegee it is 15 feet, and at

Moundsville 80 feet below the Ohio. Throughout this region its thickr

ness varies from five to nine feet, the coal varying somewhat in quality,

but always highly coking. It is generally a double bed, consisting of

two or more beds separated by partings of fire-clay or shale.

Along its western line of outcrop Coal No. 8 passes through Jefferson,

Harrison, and Belmont into Guernsey, where it crosses the Baltimore

and Ohio Railroad. It also forms several outliers, or small islands, in

Guernsey, produced by the folds in the strata, to which reference has

been already made. South of the railroad it passes through Muskingum,

Morgan, Athens, and Meigs to Pomeroy, where it crosses the Ohio, and

is extensively mined. Throughout this long line of outcrop the Pitts-

burgh coal may be said to be continuous, though it exhibits considerable

local diversity of dimensions and character. In Muskingum county it is

quite thin, sometimes not more than one foot in thickness, and it is evi-

dent that we are there on the extreme western margin of the great basin

in which it was formed. In Morgan, Athens, and Meigs counties, the

Pittsburgh, or Pomeroy, seam assumes much greater importance, varying

from five to nine feet in thickness. It is there often divided by one or

several partings, as it is so prone to be elsewhere. In Homer township,

Morgan county, it is reported by Prof. Andrews to have an aggregate

thickness of eight to nine feet in two nearly equal benches, with a clay

parting of one foot. On Federal Creek, Bearne township, Athens county,

the Pomeroy seam is from eight to nine feet thick, exclusive ofa parting

, of shale and clay one foot or more in thickness. The coal is here bright,

black, and of a very serviceable quality. It has the typical character of

the Pittsburgh coal, being highly coking, but with more sulphur than

at Pittsburgh or Pomeroy. In other localities in Athens ,and Morgan
the seam is smaller, is frequently without partings, and furnishes' a very

pure and useful coal.



160 GEOLOGY OF OHIO.

In Meigs county Coal No. 8 underlies a large part of the surface,

maintains a thickness of from four to six feet, and yields a coal which is

highly esteemed as both a steam and mill coal. It is very largely mined

at Pomeroy and vicinity, and many thousand tons have been annually

shipped from this point for many years. The coal from this region is so

well known that no description is required of it.

In the report on Belmont county by Prof. J. J. Stevenson a detailed

description will be found of our upper coals, and some facts of special

interest are there reported in regard to the Pittsburgh seam. He appar-

ently demonstrates that while in western Belmont county it is a /single

seam, on the Ohio at Bellaire it is represented by four coals, three of

which occupy the space between Coal No. 8 and Coal No. 9, this interval

having been increased from fifty feet at Barnesville to one hundred and

fifty feet on the river. By carefully tracing Coal No. 8 and its associated

strata along their western line of outcrop to Steubenville, and thence

down the valley of the Ohio to Bellaire, he demonstrated the continuity

of the large coal at Bellaire with that at Salesville and Barnesville ; and

since Coal No. 10 certainly, and- Coal No. 9 probably, are continuous,

each on its proper horizon, the three coals above the Pittsburgh in the

Bellaire section seem to have no representative in the western part of

Belmont county, unless Coal No. 8 is the equivalent of the entire group

below No.-9 on the Ohio. It is Prof. Stevenson's opinion that Coals Nos.

8a, 8&, and 8c— the three seams above the Pittsburgh in the Bellaire

section— are offshoots from Coal No. 8, and that they all run together.

From the facts which he reports this would seem to be an almost neces-

sary conclusion.

Whether they are connected with the Pittsburgh coal or are independ-

ently intercalated seams, they afford evidence of unequal subsidence of

neighboring portions of the coal area during the deposition of the Pitts-

burgh coal. This has occasioned immense disparity in the intervals

between Coals No. 8 and No. 10 at the east and west ends of Belmont

county, and gives us fresh proof of the fallacy of the theory of the par-

allelism of coal seams.

s
Analyses of Coal No. 8.

No. 1. Lagrange (average), Jefferson county.

"
2. David Brown, Pease township,, Belmont county.

"
3. E. Crawford, "

.

"

"
4. J. Culderhead, Short Creek township, Harrison county.

"
5. Allison's bank (average of 3), Harrison county.

"
6. Federal Creek, Athens county.

"
7. Pomeroy coal, Pomeroy, Meigs county.
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1. 2., 3. 4. 5. 6. 7.

Specific gravity ; 1.302

1.45

36.35

57.95

4.25

1.290 1.348

1J0
32.50

63.50
2.90

1.266 1.285 1.304 1.358

Moisture 1.00

34.20

59.40
5.40

2.80

34.20

59.40
3.60

2.44
32.36

59.92

5.28

2.70

35.30
55.05

6.95

4.10

Volatile combustible..
Fixed carbon ;.

33.90
56.10

Ash 5.90
\

*
100.00 100.00

2.63

100,00 100.00

1.80

100.00 100.00 100.00

2.72 otes; 2.62 5.24 0.46

Coal Seams No. 9 to No. 13.

The coals higher than the Pittsburgh seam have, in Ohio, comparatively

little value. In this respect our Upper Coal Measures exhibit a marked

contrast with those in West Virginia, where locally the Redstone, Sewich-

ley, and Waynesburg seams are all of great importance, and locally rival

in value the Pittsburgh bed, magnificent a,s it is in its proportions.

Prof. Stevenson, who has spent some years in the study of the Coal

Measures of West Virginia, thinks that the coals I have mentioned are

represented respectively by Coals Nos. 8a (Redstone), 86 (Sewickley),

and 11 (Waynesburg) of the section in eastern Belmont county. Of

these, the Redstone and Sewickley have their greatest development at

the east, thin out rapidly westward, and scarcely pass the Ohio, as, though

recognized in the Bellaire section, they are there less than one foot in

thickness, and have disappeared at Barnesville. The Waynesburg coal

Prof. Stevenson finds represented by an exceedingly variable seam which

passes through the highlands of Belmont county, and from its change-

ableness is called locally the "jumping six-foot seam."

Coal No. 8c, of the Bellaire section, is what is known as the " Glencoe

coal." This is supposed by Prof. Stevenson to be a bed of very limited

extent. Along the east front of Belmont county it is generally work-

able, and attains a maximum thickness of four feet ; but it thins out

rapidly northward along the Ohio, and is scarcely known T>eyond the

county line. At Barnesville, on the Central Ohio Railroad, it has en-

tirely disappeared ; and it is also said by Prof. Stevenson to grow thin-

ner passing eastward from Wheeling.

Coals No. 9 and No. 10 of Prof. Stevenson's section are both thin along

the Ohio, but are persistent, and No. 10 thickens toward the west. This

shows that they were formed in a basin of which the deepest portion lay

in that direction. Traced on the north and' west to the limits of the

11
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area of the upper coals, one or both of them are usually present, except

where locally cut out by beds of sandstone. Coal No. 9 lies immediately

upon the limestone over the Pittsburgh coal, and this limestone thins

toward the north and west, letting down Coal No. 9 on to Coal No. 8. At

Cadiz, Harrison county, Coal No. 9 is two feet thick ; at York, Jefferson

county, it is one and a half feet thick ; at Unionport and Knoxville, in

Jefferson county, it has disappeared, and Coal No 8 is covered in one place

by 85 feet and in the other by 100 feet of sandstone and shale, upon which

Coal No. 10 rests. Toward the west from Wheeling, Coal No. 9 seems to

disappear, and the interval betwesn the Pittsburgh seam and Coal No. 10

is represented by Prof. Stevenson to be, in western Belmont and Harrison

counties, filled by a great mass of sandstone, in places more than 100 feet

in thickness. This sandstone, he says, has been deposited by currents

which have extensively cut away Coal No. 9 and, locally, Coal No. 8.

Coal No. 10 is a very persistent seam, and 'locally attains considerable

importance; but in Harrison, Jefferson, and Belmont it is of far less

value than the Pittsburgh seam. It is frequently a double bed. At

Badgersburg the coal is six feet seven inches thick, in two benches, sepa-

rated by one foot eight inches of shale and clay. At Flushing the upper

bench is one foot two inches, the parting one foot four inches, and the

lower coal three to four feet in thickness. At New Athens, Harrison

county, the seam is divided into three benches, of which the upper is

ten inches, the middle four feet eight inches, and the lowest four inches,

the partings being respectively two feet and three feet in thickness. In

Jefferson county Coal No. 10 becomes much thinner, and it is little more

than a bituminous shale, two to three feet thick. (Stevenson.)

What the extension of Coal No. 10 toward the south and west is, can-

not be accurately stated. We have reason to believe, however, that it is

the same as that mined at Cumberland, Muskingum county, called by

Prof. Andrews the Cumberland coal. This lies, according to his descrip-

tion, about 100 feet above Coal No. 8, and runs through the counties of

Morgan, Athens, and Meigs, to the Ohio river. In this region it varies

from two to six feet in thickness, and is frequently divided by one or

more partings of clay or shale. It usually is associated with much lime-

stone, above and below, and Mr. W. J. Herdman, who traced it through

nearly to the Ohio river, has furnished me a section from Morgan county,

in which the Cumberland seam is overlaid by 160 feet of strata, largely

made up of limestone.

Coal No. 11 has been referred to in a preceding page as the represent-

ative of the Waynesburg and the "jumping six-foot seam." It is locally

of some economic value in Belmont county, but both in quality and
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dimensions is very unreliable. Its characteristic features are well shown

in the cut west of Barnesville, where my attention was called to it by

Prof. Stevenson. At one end of the excavation it is barely six inches in

thickness, while at the other it shows a total of five feet four inches, con-

sisting of coal, one foot ; shale, four inches ; coal, four inches ; shale, four

inches; coal, four inches; shale, two feet; coal, one foot. Seven miles

east from Barnesville, where it is exposed in a railroad cut, it is about

one foot thick, and parted in the middle by a thin layer of limestone.

Near St. Clairsville, in the same county, it is rudely worked, and shows

three feet of very impure coal, resting almost immediately upon a foot

of limestone. 'Near Bridgeport, opposite Wheeling, it is three feet six

inches thick, roofed by six inches of impure blackband,vwhich is over-

lain by two feet of alternating bands of bituminous and ordinary shale.

On a run four miles west from Bellaire, and just south of the railroad, it

suddenly thickens out and becomes a confused mass of coal and shale,

not less than fifteen feet thick, and totally worthless.

In Harrison and Jefferson counties it is never more than two feet

thick, and is seen only near the tops of the highest hills, and has no

economical value. (Stevenson.)

Coal No. 12 is generally found in the highlands which border the Ohio

opposite Wheeling. It is usually from a few inches to two feet in thick-

ness, but is locally, near the Ohio, developed into a dry coal six feet in

thickness, but heavily charged with pyrites.

Coal No. 13 lies some seventy feet above the last, is very thin, and has

no practical value. It is limited to the summits of the divide east of

the Ohio, on and south of the Baltimore and Ohio Railroad.

DISTRIBUTION OF THE LIMESTONES OF THE UPPER COAL MEASURES.

If it is true, as has been supposed, that Coal No. 10 of the Belmont

section is the Cumberland coal of the south-eastern counties of the-State,

it will be seen to thicken toward the west, and its basin may be said to

lie west of the Ohio. This is also indicated by the limestones with

which this coal is associated, and which are thinner andjess.numerous

in the Upper Coal Measures of West Virginia and Pennsylvania, after

passing above the " Great limestone," which there lies over the Pittsburgh

seam. We are in these facts furnished with evidence of another change of

the center of gravity, if we may use the term, in the progressive sub-

sidence of the Alleghany coal field. Following back the history we have

traced, and measuring the spread of marine conditions by the reach, and

their continuance by the thickness of the limestones, and tracing the

local depressions of the different 'epochs by the thickening of the de-
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posits toward the bottom of each basin, we find that in the epoch of the

Putnam Hill limestone the basin in which it was deposited lay almost

entirely in Ohio, and that in its center the blue or Zoar limestone is

buried ninety feet deeper than on its sides.

In the epoch which succeeded the deposit of the Freeport limestone

the locality of greatest depression was east of Ohio, as this limestone,

while covering a large area in western Pennsylvania, reaches continu-

ously through but one tier of counties in Ohio.

The center of the basin continued to be east of Ohio during the depo-

sition of the Barren Coal Measures, as they are thickest and contain

most limestone on or near our eastern border; are thinner, with less

limestone and more coal, toward the west.

During the Pittsburgh epoch, or that which immediately preceded and

followed the deposition of the Pittsburgh coal, the area of open water

was,, as in the Upper Preeport epoch, nearly in the line of the center of

the basin. The proof of this we find in the great deposit of limestone

beneath and over the Pittsburgh coal at Wheeling, and other localities

in West Virginia and western Pennsylvania. After passing the Ohio

line these limestones rapidly thin out and are replaced by mechanical

shore deposits. It is also shown by the thickening toward the east of

the mechanical materials which separate the Pittsburgh, Redstone,

Sewickley, and Waynesburg seams. And yet, after the filling up of the

water basin in which the Pittsburgh limestone was deposited, but little

more limestone accumulated at the east up to the close of the Carbonif-

erous age, the open water and calcareous sediments preponderating, as

we have seen, in Ohio.

By tracing our Coal Measures into Pennsylvania, it will be found, as

was shown by Prof. Rogers, that our most important coal seams thicken

'toward the east ; as the Upper Freeport—which becomes in West Vir-

ginia twenty feet in thickness, though nearly half slate—the Pittsburgh,

the Redstone, the Sewickley, and the Waynesburg ; while the greatest

development of the limestones lies relatively further west in the basin.

This fact led Prof. Rogers to conclude that the limestones of the Coal

Measures thickened westward toward the open sea, and he supposed that

their relative importance constantly increased until the mechanical

sediments ceased to have any place in the series. Yet, as we, learn by

examination of the Coal Measures in Ohio, the limestones do not con-

tinue- to increase in thickness indefinitely toward the west, but; on the

contrary, toward the western margin of the coal field they thin out and

disappear. The reason of this I have given in the analysis of the struc-

ture of the Cincinnati arch (Vol. I., Part I., p. 93), where I have shown
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that its elevation took place long anterior to that of the Alleghanies,

and at the close of the Lower Silurian. Hence, during the Devonian

and Carboniferous ages, it constituted a long, narrow island, which ex-

tended' as far south as Tennessee, and the basin in which our coal beds

were formed was bounded at the west by that ridge. This proves that

there was no connection between the Illinois and Alleghany coal fields,

and therefore our limestones, beds of coal, and even sheets of mechanical

material—sandstones, shales, and conglomerates—all came to an edge,

or ran out on the flanks of the old Cincinnati arch. For a very good

reason, therefore, the limestones could not thicken in that direction

indefinitely.

The reason why the limestones lie nearest to the western margin of

the great trough which stretched from the Blue Ridge to the Cincinnati

arch is, in my judgment, simply this : on its eastern and northern

sides the coal basin received, the drainage of quite an extensive conti-

nental surface, and great quantities of mechanical sediments were

brought down and spread along that shore. The western border, how-

ever, was formed by a narrow ridge, composed of lime rock, from which

the drainage was insignificant and calcareous ; therefore, on this side,

the clear and quiet water necessary for the deposition of limestone set

close up to the shore. On the north and east, deltas and mud-flats were

forming like those on the shores of the Bay of Fundy, and at the mouths

of our great rivers. A still better example of the mode of accumula-

tion of clay, sand, etc., on that shore is seen about the head of the Gulf

of California, where the physical condition is not unlike that of the

Alleghany trough in Carboniferous times. There the head of the bay is

filling up with sediment, and shallows and mud-flats, many miles in

width, line the shore, over which it is next to impossible to pass from

ship to land or land to ship.

THE EXTENT OF COAL SEAMS.

Two very different, and even antagonistic, theories are entertained

by geologists in regard to the area over which any individual coal seam

may be traced. One of these is that advocated by Mr. Leo Lesquereux,

who claims that certain coal strata extend not only across the entire

breadth of the Alleghany coal field, but that these may be identified in

Indiana, western Kentucky, and Illinois.*

* Geological Survey of Illinois, Vol. I., p. 208 ; American Journal of Science, 2d

Series, Vol. XXX., p. 367.
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The other theory to which I have referred is, that the coal seams lie

in a series of basins of limited extent, and that the identification of any

one seam—except, perhaps, the Pittsburgh—throughout an area of sev-

eral counties, is a stretch of the imagination. After somewhat extended

observations in the Alleghany and Illinois coal fields, and careful com-

parison of the reports made by others, I am led to believe that, as is so

frequently the case with strongly opposed theories, the truth lies between

the two.

In tracing these different beds of coal from town to town and from county

to county, they are seen to exhibit marked changes in their thickness,

character, and relations to each other ; and a section formed by the coal

strata in one district is never quite the same as that furnished by an-

other. Some of the seams are extremely local, occupying an area of

perpaps not more than a few hundred acres, while others, like the Pitts-

burgh and Nelsonville seams, underlie many thousand square miles.

Whoever will take the trouble to examine the sections of the coal strata

of western Pennsylvania, given by Prof. Eogers in the second volume of the

Geology of Pennsylvania, and compare them with those now published,

beginning at the east and passing to the west and south, will be forced

to conclude either as I have claimed, that a skeleton or frame-work runs

through the entire series, and that some of the strata are continuous

over the greater part of the breadth of the north end of the Alleghany

coal field, or that the sections taken at different points present a remark-

able and incomprehensible series of coincidences. ^

The classification of our coal strata has grown entirely out of our ex-

perience. On first entering one of the valleys which traverse the coal

area, the number, order, and characters of the coal seams, with their re-

lations to each other and the associated strata, were learned as an inde-

pendent lesson in local geology. In passing to another valley another

series of outcrops was studied, and, the differences and coincidences

ware compared. The system of sections now published is simply the

record of observations made in the manner I have described. The
classification of our coal seams, reported in the preceding pages, has been

tested in various ways, and by different geologists, who have had much
experience in this kind of work, and its general accuracy may be con-

sidered as demonstrated.

But all this shows simply the structure of the northern end of the Al-

leghany coal basin. How far the central and southern portions of this

great trough—750 miles in length—correspond with the northern end

remains to be accurately determined by further investigation. The

facts reported by Prof. Safford, and my own observations in Kentucky
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and Tennessee, lead me to believe that great, and perhaps radical, differ-

ences will be found to exist between the northern and southern portions

of the Alleghany coal field.
'

Prof Andrews has. shown that important modifications have taken

place in our northern system, even within the limits of our own State.

In West Virginia, Kentucky, and Tennessee these changes seem to be

still more strongly marked, for there a lower series of coals appears to

come in within and even beneath the Conglomerate ; and it is very

doubtful whether our leading seams can be identified the're at all. The

geological survey which has been recently revived in Kentucky, and com-

mitted to the able supervision of Prof. N. S. Shaler, will undoubtedly throw

much light upon this question. When he shall have filled the great geo-

logical blank which has heretofore existed in eastern Kentucky, and the

mysteries of the rich and intricate coal fields of West Virginia shall be un-
.

raveled, the work done in Pennsylvania and Ohio can be connected with

that of Prof. Safford in Tennessee, and the broad and interesting problems

of the structure and history of the Alleghany coal field will approach

solution. Till then our generalizations on this subject must be largely

speculative, and such as are liable to be' greatly modified by future obser-

vation.

In regard to the community of structure between the Alleghany and

Illinois coal fields, I am compelled to say, that after some time spent in

the examination of the coal strata of Indiana, Illinois, and western Ken-

tucky, and a careful reading of the excellent reports of Professors Cox

and Worthen, I have failed to find any proof of the identity that has

been claimed. I have not been able to satisfactorily co-ordinate the

series of coal beds of the two basins, nor can I identify any individual

seam of the Illinois coal field by its position, its dimensions, its quality,

its fossils, or its associated strata, with any one, of ours.

Mr. Lesquereux also claims to be able to identify the Mahoning sand-

stone in the Coal Measures of Illinois and Kentucky. But in tracing it

even through our portion of the Alleghany coal field I find it so often

absent that it becomes entirely unreliable as a geological guide. That it

has been so to Mr. Lesquereux is evident from the fact that he has sup-

posed that he recognized the Mahoning in the heavy sandstone which

overlies the Pomeroy coal, and in that which contains the silicified

trunks of Psaronius on Shade river. As a consequence, he has regarded

the Pomeroy coal as the Upper Freeport seam,* whereas it is well estab-

lished that it is No. 8, or the Pittsburgh coal.

*American Journal of Science, 2d Series, Vol. XXX., p. 368.
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We see that in Ohio the" forces that distributed the Mahoning sand-

stone were local in their action, and it seems hardly probable that this

epoch should have been so strongly/marked over so great an area as Mr.

Lesquereux supposes, and yet have left so inconstant a record here.

The Cincinnati arch is also a serious impediment to the acceptance of

the theory that the Alleghany and Illinois coal fields are identical in

structure. We have learned in the progress of the Survey that this is a

very old topographical feature ; that it has existed since the close of the

Silurian age, and- that during the Coal Measure epoch it was a barrier

which somewhat widely separated the two coal basins. It seems almost

impossible, therefore, that they should have anything more than a gen-

eral similarity of structure.

It should be remembered that both these great troughs have been filled

for the most part by mechanical sediments washed from their margins.

The Alleghany coal field was filled to the depth of at least 3,000 feet at

its center, mainly by materials washed from its eastern and northern

shores ; the Illinois coal basin to only half that depth, and it received

its clays and sands—now sandstones and shales—from the north. Its

structure must necessarily, therefore, be very different.

As I have shown on the preceding pages, the Pittsburgh coal thins to

an edge on the north and west within the margin of our coal area, and
'

this is also true of its associate, the "Great limestone"— facts which

afford us ocular demonstration that these strata never reached through to

Illinois. It may be said that the two coal basins were once united at the

southern end of the Cincinnati arch—that is, in Alabama ; but there are

strong geological reasons for doubting this. The Illinois coal field ter-

minates in western Kentucky several hundred miles further north than

the extremity of the Alleghany basin, and we have no proof that the

connection has been cut away by erosion. But even if this were true,

Safford shows that the southern extremity of the Alleghany coal field

has a very different structure from that which we find in the Coal Meas-

ures of Pennsylvania and Ohio and in Illinois. Hence, if the coal basins

were once united at the far south, the connecting links in structure—such

as the " Great limestone," Pittsburgh coal, Nelsonville coal, and Putnam
Hill limestone—were never formed there. It is true that in the Cum-
berland Mountains we have only the lower coal seams, but these are cer-

tainly very different from ours. Our Coal Measure limestones are there

entirely wanting, and they have almost disappeared in Kentucky. This

is a fact which has somewhat surprised and puzzled me, for we have

heretofore supposed that the limestones of the Coal Measures marked
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periods of subsidence when more or less of the Alleghany coal basin was

an arm of the sea opening into the Gulf of Mexico, and broadening and

deepening toward the south. This could not have been the case, how-

ever, as we should have found the limestone sheets becoming wider and

thicker in that direction. It therefore seems necessary to suppose that

the sea water had access to our coal basin from the south, through a long,

narrow channel or strait, or, what is quite as probable, by some lateral

inlet. In either case the broadest space of open water in periods of

submergence was as far' north as southern Ohio, and while the lime-

stones were forming the northern part of the trough was a land-locked

bay something like that of San Francisco, rather than an arm of the sea.

Prof. Stevenson informs me that in the " oil break " of West Virginia

and southern Ohio, where the Barren Measures are extensively exposed,

they contain no coals, and that the lower coal group is apparently ab-

sent, with the exception, perhaps, of the upper Freeport seam. This

gives farther illustration of the great diversity which prevailed in the

physical condition of different portions of the Alleghany basin, and it

may indicate, as Prof. S. suggests, that our lower coals were deposited in

a series of circles around the margins of the basin, only the upper coals

stretching across. This question can only be settled, however, by a long

series of patient and careful observations.

THE PARALLELISM OF COAL SEAMS.

In the " Conclusions " appended to his report contained in Volume I.,

Prof. Andrews advances the theory that our important coal seams are

parallel to each other ; and that where, among seams supposed to be con-

tinuous, an absence of such parallelism is discoverable, this is evidence

of a want of continuity and identity in one or the other of those com-

pared. Prof. Andrews accounts for this claimed parallelism by supposing

that the different coal seams were formed at or near the line of water

level, and that the subsidences which have caused the accumulation of

successive layers of carbonaceous matter were continental and uniform.

To these views I have been unable to subscribe, inasmuch as I have

failed to detect the parallelism claimed, and, on the contrary, have, as it

seems to me, in numerous instances, discovered very marked inequality

in the distances that at different localities separate coal seams which are

unmistakably continuous.

This matter is plainly one for observation, not for theory or argument,

and as the question will be inevitably settled by an appeal to facts, I

shall confine myself to a brief statement of some of these which appear
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to me incompatible with the view to which I have referred. So much as

this seems to be required of me ; as, if this view were accepted, it would

destroy all confidence in the classification of our coal seams which I have

adopted, and if true, a large part of what I have written on this subject

is necessarily false. For the proof of the general truth of the order of

sequence which I have reported as prevailing over most of Ohio, I must

appeal to the series of sections published on the sheets that accompany

this report, and to the several experienced geologists who have carefully

gone over the ground where these sections were taken. Some of the spe-

cific facts which seem to me to be incompatible with the theory of the

inflexible parallelism of coal seams I give below.

In tracing the outcrop of Coal No. 1 throughout all the counties where

it is worked in northern Ohio, I have found this seam to be exceedingly

variable in its level. It often shows a series of waves, or folds, in which

the arches are sometimes as much as 50 feet higher than the basins,

within the limits of a few hundred acres. This irregularity is well

shown in a large number of mines that are opened in this coal in Trum-

bull, Mahoning, and Stark counties. Perhaps no better illustration of it

could be offered than that described by Mr. Read in his report on Trum-

bull county (Vol. I., Part I., p. 498) ; since he there shows that on a tract

of land held by one company the variation in the distance between coal

seams No. 1 and No. 2 amounts to more than 50 feet. In this case there

can certainly be no qiiestion in regard to the identity of the two seams

passed through.

A similar variation in the interval between Coals No. 3 and No. 4 is

revealed in the shaft and borings, thirteen in number, made on the prop-

erty of Tod, Stambaugh & Co., in the north-west corner of Carroll county.

Here, within an area of which the diameter is 1200 feet, the distance

between these coals varies from 20 to 45 feet. Here, also, there can be

no question of identity, as each of the coal seams is marked by its over-

lying limestone, and both are well known throughout all this section of

the State. I have myself traced these coals (Nos. 3 and 4) over more

than two hundred miles of outcrop, and have taken sections which include

them in many hundreds of localities. Within the range of my own ob-

servation I have' known the interval between them to vary from 20 to 90

feet, and Prof. Stevenson reports them to be even 110 feet apart in one

locality in north-western Guernsey county.

The interval between Coals No. 4 and No. 6 exhibits nearly as great a

variation as that between Coals No. 3 and No. 4. The horizon of Coal

No. 4 is one of the most distinctly marked of any in the Coal Measures,
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since it underlies, generally immediately, the 'Putnam Hill limestone.

Coal No. 6 is equally unmistakable, as it is the thickest and most contin-

uous of all the lower group of coals. In the valley of the Killbuck, above

Millersburgh, Coals No. 4 and No. 6 are not more than 25 feet apart, but

in tracing them down the Killbuck to the Tuscarawas this space con-

stantly increases until it reaches a maximum of 100 feet. In the valley

of the Tuscarawas I have traced these coals from Zanesville to near Mas-

sillon. Along this line of observation the variation in the distance

between them does not exceed 25 or 30 feet, as it follows nearly the center

of the local basin to which reference has been made on a preceding page.

But on either side of this basin the interval diminishes to one-fourth of

its maximum.
The intervals between Coals No. 6 and No. 7 I have found to vary, at

localities examined by myself, from 54 to 100 feet, diminishing toward

the east.

The distance between Coals No. 6 and No. 8 has been shown by our

measurements to vary in Jefterson county alone from 498 to 564 feet.

Along the western line of outcrop of these coals the interval is from 400

to 430 feet.

The distance between the Pittsburgh coal and the Crinoidal, or Ames,

limestone is, in central Ohio, from 140 to 150 feet, while in Jefferson

county it is 225 feet. The two last-mentioned members of the series are

so continuous and so strongly marked by individual characters that there

can be no mistake about their identification; and it is also true—here as

in the lower intervals—that the increase or diminution is found to be

progressive, according as the line of observation is carried in one or the

other direction. This could be shown by reporting the intervals at vari-

ous points intermediate between the maxima and minima which I have

given, but this is scarcely necessary here, since many of these facts have

been given on the preceding pages.

The remarkable variation in the interval between Coals No. 8 and No.

10, described in the report of Prof. Stevenson on Belmont county, has

been alliided to in the sketch given of the Upper Coal Measures. The

accuracy of the observations reported by Prof. S. has been called in ques-

tion, but justice to him requires that I should state that they have been

fully confirmed by tracing the coals which overlie the Pittsburgh seam at

Bellaire north and west to the points of their successive disappearance

;

while the identity of Coals No. 8 and No. 10, in their outcrops in eastern

and western Belmont county, has been demonstrated by following them

around through Guernsey, Harrison, and Jefferson counties, from one

locality to the other. It has thus been proved that between Barnesville
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and Bellaire the space between Coals No. 8 and No. 10 increases by more

than 100 feet ; establishing a fact which is fatal to the theory of the par-

allelism of coal seams.

Between Bellaire and Wheeling the cliff which borders the valley has

been so much quarried away that its structure is visible almost at one

view. The Pittsburgh coal is here very near the grade of the railroad,

and three coal seams are seen above it. A want of parallelism is visible

among all of them, but the most conspicuous deviation is seen in the

first two seams above the Pittsburgh. The interval which separates

these varies locally from twelve to thirty-five feet. Cases similar to

those I have cited may be found in every county within the coal basin,

but enough have been given to show that our coal seams are never abso-

lutely parallel over any considerable area. That they are sometimes

approximately parallel for long distances is true ; and this fact serves as

an important general guide in tracing them. For passing from one

series of outcrops to another, not too far away, when one well-marked

member of the series is found we know about where to look for the others

;

but to hold rigidly to the theory of parallelism, and to deny the continu-

ity of all coal seams which do not exhibit uniformity in the distance that

separates them, would be to throw our whole system of coals into con-

fusion, and render every effort for their classification abortive.

Although this subject has, perhaps, already occupied more space than

it deserves, I venture to call the attention of those who are interested in

it to the results of the wide experience in coal geology which has been

gained in other states and countries than ours. These will be found in

the valuable papers of Prof. Dawson, contained in his "Acadian Geology,"

the reports of Profs. Worthen and Cox on the geology of Illinois and

Indiana, and those of Profs. Rogers and Lesley on the geology of Pennsyl-

vania. I would also specially cite the Report of the British Coal Commis-

sion, Vol. I., pp. 121 and 141, and the Memoirs of the Geological Survey

of the United Kingdom, Geology of Wigan, by,Edward Hall, p. 17.

The economical bearings of this question will also be referred to in the

volume of this Report devoted to Economic Geology.

"TROUBLES" IN COAL &EAMS.

Faults in which the displacement amounts to more than one foot are

very rare in the Ohio coal field. Smaller ones are not at. all uncommon,

and almost every coal mine of any considerable extent will show one or

more. These are in all respects except dimensions exact copies of the

great faults by which the coal strata of England are so much broken up.

The coal is frequently found cut by them more smoothly than it could
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be done by art, since the sides of the fault are often beautifully polished,

and present the glazed and striated surfaces which are technically called

slickensides. Occasionally the slickensided faces are not in apposition,

but a " clay seam " of greater or less thickness is interposed between

them.

The most considerable fault which has come to my knowledge in Ohio

is one mentioned by Prof. Stevenson. This occurs in Coal No. 8, at Neffs

Siding, in Belmont county. Here the down-throw is about three feet.

The peculiar polished surface so often exhibited by the sides of the

fissure in a fault which cuts through a soft and friable coal has excited

considerable wonder and speculation among miners. The laminse of the

coal are generally curved downward on one side and upward on the other,

and they are blended together as though by the action of heat. The

whole aspect of the slickensided surface is such as would naturally lead

one to suppose that the coal had been fused along the line of fracture,

and yet it is quite evident that it has been affected by no greater degree

of heat than that excited by friction; and it is not even certain that

heat has had any agency in producing slickensides in coal or other rocks.

That a soft coal fractured without heat should not have been crushed and

pulverized, appears at first sight somewhat remarkable ; but it should

be remembered that it has been held, as it were, in an immense vise, and

that the masses on the opposite side of the fracture have been pressed

together with incalculable forpe. This has not only held the particles

in close juxtaposition, but has. condensed and compacted them. By the

action of a powerful hydrauli* press, many substances reduced to a fine

powder can be rendered as dense and hard as stone or ivory. Such pres-

sure, combined with motion, has, as I conceive, produced the polished

surfaces called slickensides.

Horsebacks.—This name is somewhat vaguely applied to obstacles en-

countered in mining. In coal mines it is generally used to designate a

mass of rock which rises from the bottom, or (much more frequently)

comes down from the roof and cuts out the coal. The "horsebacks,"

which consist of swells of the bottom, usually represent knolls or ridges

in the coal marsh, on which little or no peat accumulated. In some

cases, also, the pressure of superincumbent rock seems to have partially

squeezed out the softer carbonaceous sheet over a ridge or swell of resist-

ant material underlying it. Such cases are, however, extremely rare.

Nearly all the "horsebacks " met with in our coal mines have been pro-

duced by currents of water, which have more or less completely cut away
the coal, and have deposited in its place sand, afterward hardened into

sandstone. When, however, the current which produced the excavation
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did not carry sand, the channel was filled with a finer sediment, now
forming shale or fire-clay.

Sometimes a sheet of rock is encountered in working a coal seam,

which evidently consists of material washed into a fissure that was at one

time opened through the coal and associated strata. Where this mate-

rial was sand, we now find a wall of sandstone—perhaps a foot or more
in thickness—and this is also, though improperly, called a horseback.

Where clay was deposited in the fissure, this forms what is known as a

"clay seam," a troublesome but not serious impediment in mining. As
might be expected, these sheets of clay and stone very frequently occupy

the space between the walls of a fault.

Duplication of Coal Seams.—We occasionally hear of a coal seam sud-

denly swelling to two or three times its normal thickness. Two marked
instances of this kind have come under my observation. Both of these

are in Coal No. 5, in Tuscarawas county—one in the mine of Mr. Holden,

at Mineral Point, the other on the lands of the Zoar Community, two

miles west of the village of Zoar, and five miles distant from the first-

mentioned locality. The normal thickness of Coal No. 5 in this region

is three and a half to four feet, but along the line of disturbance it is

found to be entirely removed over a narrow belt, and on the south side of

this it is thickened ,to nine or ten, and even, in one place, to thirteen

feet. Here it is plain that the phenomena were produced by lateral pres-

sure, by which the coal was slipped from the fire-clay and pushed over

on to an adjacent belt, where it is, of course, doubled in thickness.

These interesting cases w.ill be described more in detail in the report on

Tuscarawas county.

Bowlders in Coal Seams.—Quite a number of bowlders of rock foreign

to the localities where found have been met with in the coal seams of

Ohio. One of these is mentioned by Prof. Andrews in the Report of

Progress for 1870, p. 78. It was a rounded bowlder of quartzite, seven-

teen inches in its longer and twelve inches in its shorter diameter, and

was found partially imbedded in the surface of the Nelsonville coal, at

Zaleski. Another bowlder was found by myself in the blackband iron ore,

which forms a parting in Coal No. 1, at Mineral Ridge, Mahoning coun-

ty. This was some four inches in diameter, angular, and not rounded,

and was composed of talcose slate.

These and similar stones found in the coal I have supposed were en-

tangled in the roots ©f trees, and thus floated and dropped. The black-

band ore which contained the bowlder found in Mahoning county is

simply a highly ferruginous, bituminous shale or cannel, which marks a

local and temporary submergence of, the marsh where Coal No. 1 was
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forming. This is proved by the fact that the blackband is fall of the

shells of Esiheria, a bivalve, aquatic crustacean. We know that at the

time of the formation of Coal No. 1 rivers flowed down from the north

into the coal basin, and there is little doubt that a tree uprooted on the

banks of one of these streams carried with it a fragment of the rocky-

ledge on which it grew. Floating trees, holding stones in their roots, are

often noticed in our great rivers at times of flood ; and I have seen a

mass of gold-bearing quartz taken from the alluvial deposits of the Mis-

sissippi, near Memphis, Which must have been brought from Wyoming
or Montana in the way I have described.

On the preceding pages I have reviewed the geological structure of our

portion of the Alleghany coal field. The subject is one of considerable

interest, and it has been treated somewhat in detail, and yet it is so sug-

gestive and fruitful that it is necessarily imperfectly presented in this

chapter. The reports on the different counties that lie within the coal

area are more properly the media through which details of geological

structure are described. These are filled with facts which it is hoped

will serve to make this sketch somewhat more comprehensible than it

would be if it stood alone.

The series of sections of the Coal Measures which I have prepared for-

publication with this volume will, I think, make it easy to follow the

descriptions traced, and it is hoped that they will themselves afford evi-

dence in favor of the truth and fitness of the classification of our coal

seams which I have adopted, that will be far more satisfactory and influ-

ential than any argument. I think no one can follow with the eye

the common elements that run through these sections without being

convinced that there is more system and harmony in the structure of our

coal field than some of our writers on the subject have been willing to

concede.

I should say further, that the economical aspects of the subject now
considered

—

i. e., the arrangement, connection, reach, and identity of

coal seams, as also their chemistry and technology—will form an impor-

tant part of the volume on Economic Geology, which, in due course, will

follow next in order to those now published.

THE FAUNA AND FLORA OF THE COAL MEASURES.

So much space has already been allotted to the geology of our Coal

Measures that little remains for their palaeontology. But this is a sub-

ject that belongs properly in another volume, and it will be considered

there more fully than would be possible irr any circumstances here. I
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shall, therefore, confine myself in this chapter to a few words in reference

to the strictly geological bearing of the fossils contained in the Coal

Measures.

The question is often asked how far the plant impressions that are

found associated in such abundance with the coal strata are characteris-

tic of the different seams ; and hence, how far can they be used as means
for their identification. This is a subject which has engaged my atten-

tion through many years, during which I have collected ' fossil plants

from most of our Coal Measure area and strata. The result of my ob-

servations is the conviction that comparatively little use can be made of

fossil plants in the classification of coal seams. Many species run

entirely through the series, and most are common to two or more coals.

With the exception of Coal No. 1, which has a very abundant flora, and

one that contains many plants not yet found elsewhere, I know of no one

of our coal strata that can be certainly identified by its fossil plants. In

a general way, our Carboniferous flora may be divided into three stages,

as follows

:

1st. The Lower Carboniferous flora, represented chiefly by the remark-

able group of fossil plants collected by Prof. Andrews, and described in

the Palseontological portion of this Report. This flora' has the greatest

affinity with the Sub-Carboniferous and Devonian fldras of West Vir-

ginia described by Prof. Fontaine, and of New York, Maine and Canada,

so fully illustrated in the admirable reports of Prof. J. W. Dawson.

2d. The flora of the Conglomerate and Coal No. 1. This comprises

probably one-half of all the species of fossil plants found in Ohio. In

the Conglomerate the more delicate plants are rarely preserved, as in the

coarse sandstones they have been destroyed by the trituration to which

they were subjected. Trunks of Lepidodendron, Sigillaria, Catamites, and

nuts (Trigonocarpon) are, therefore, what we generally find in this forma-

tion. In some localities, however, beds of shale, intercalated with the

upper layers of the C6nglomerate, have yielded me several species of

ferns, all of which are identical with those found over Coal No. 1. The
flora of the lower coal is, as has been said, exceedingly rich. No careful

enumeration of its species has been made, but they amount to not less

than one hundred and fifty. This is the special home of the giant lyco-

pods

—

Lepidodendron, Lepidophloios, and Sigillaria. The number of species

of these genera has been greatly multiplied by describing under distinct

names . different portions of the plant—as root, stem, branches, leaves,

and fruit—and also their stages of growth and varietal phases ; but we

may safely say that three-fourths of all the species of these genera found

in Ohio are peculiar to the lower coal. •

. The same is true of the Galamites
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and the fruits, such as Trigonocdrpum, Cardiocarpurh, and Rhabdocarpum.

Among ferns this flora is specially rich in Sphenopteris and Hymenophyl-

lites, of which several new species will be found described in the palseon-

tological portion of this volume. Many well-known species found here

may be mentioned

—

Sphenopteris latifolia, Brong. ; S. macilenta, L. and H.

;

8. obtusiloba, Brong. ; S. Gravenhorslii, Brong. ; S. Dubuissonis, Brong.

;

8. artemisisefolia, Brong. ; 8. Newberryi, Lesq., etc. Of Odontopteris the only

species I have seen in Ohio—with the exception of a new one that occurs

at a higher level—are found with the lower coal. Alethopteris is repre-

sented by a great number of individuals, the roof-shales in some places

being thickly matted with them, but the number of species is small. In

Ohio A. lonchitica, Brong., is found abundantly in connection with the

lower coal, and, so far as my observation has extended, nowhere else.

But in Indiana it occurs at a higher level ; and in Nova Scotia, according

to Dawson, it runs through the entire series. A. Serlii, Brong., I have'

never seen in the flora of the lower coal, but it is found abundantly in

some localities over Coal No. 5. The Neuropterids are common in the

flora of the lower coal and comprise a number of species, such as Neurop-

teris cotdata, Brong. ; N. hirsuta, Lesq. ; N.acutifolia, Brong. ; N. tenuifolia,

Sternb. ; N. Loshii; Brong. Neuropteris flexuosa, Sternb., so common with

the upper coals, I have never seen in the flora of Coal No. 1. Of Hymen-
ophyllites we have H.furcatus, Brong., H. spinosuts Goep., and several new
species. Of the genus Pecopteris very few species are found here, as it is''

much more characteristic of the upper coal flora. Among the commonest
is Pecopteris plumosa, Brong., one of the most beautiful ferns of the coal

flora. As might have been anticipated from the abundance of Calamites

in the flora of Coal No. 1, Sphenophyllv,m, Asterophyllites, and Annularia

are found in abundance. Sphenophyllum erosum is common, but Sph.

Schlotheimii, Brong., so far as my observation extends, belongs to the-

upper flora. The most common Annularia is a small one, which has been
considered identical with A. sphenophylloides, Ung., but it is quite dis-

tinct from the variety or species described as A. brevifolia by Brong., and
which does not occur below Coal No. 4. Perhaps the most peculiar and
striking plants of the flora of Coal No. 1 are Whittleseyaelegans, Newb.

;

Antholithespriscus,'Ne-wb.; Neriopteris lanceolata, ~Nev?h.; Polysporia mirabilis,

Newb., and the species of Alethopteris and .Odontopteris described in our

first volume.

3d. The flora of the Middle and Upper Coal Measures. This begins

with Coal No. 4, and is characterized by the great abundance of ferns,

and especially of Pecopterids. Here we jfirst find Pecopteris arborescens,

Brong. ; P. cyathia, Brong. ; P. arguta, Brong. ; P. oreopteridius, etc. Dietyop-T

12
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ieris dbliqua, Bunb. ;• Annularia calamitoides, Sch. ; A. sphenophylloides var.

ibrevifolia, Brong. ; Neuropteris flexuosa, Brong.; N. Cistii, Brong. ; N. Orangeri,

IBrong.; Alethopteris nervosa, Brong.; A. aquilina, Brong. ; A. Serlii, Brong.;

Eph. Schlotfwimi, Brong., with many others not found, so far as my observa-

tions have extended, in the lower coal. Most of the species here enu-

merated run up through the series, and no subdivision of the flora seems

io me possible above the line of Coal No. 4. For example, the roof shales

of Coai No. 8 at Pomeroy are filled with the same species of plants found

over Coal No. 4 in the valley of Yellow Creek, viz., Neuropteris flexuosa,

M. cordata, Cordaites borassifolia, Annularia calamitoides, Cyclopteris fimbri'

<nta, Pecbpteris arborescens, etc.

The upper flora of the Coal -Measures is characterized by poverty in

Sigillaria and Lepidodendron—genera'which form the most striking fea-

tures in the lower flora—and by the presence of Psaronius, which occurs

locally in great abundance over Coal No. 8, but is unknown in the Lower
Coal Measures.

The grouping of the coal plants at different horizons is generally a

better guide than the presence or absence of individual species. This,

however, could only be shown by long lists of names, and most of these

would be repeated again and again. Even when, with considerable

trouble, the coal plants of northern or southern Ohio had been stratified, it

would be found that the grouping made would hold good for only that one

locality. This will appear plainly from a comparison of the vertical dis-

tribution of the coal plants of Pennsylvania reported by Mr. Lesquereux

with that which I have described as prevailing in Ohio. Many of the

species which he finds there characteristic of the lowest workable coal, I

find here, only at a higher level, and vice versa. By reference to the Illi-

nois geological reports—which are enriched by copious descriptions and

notes on the coal flora by Mr. Lesquereux—the same discrepancies will

be observed ; and we must, therefore, conclude that the flora of the Coal

Measures, like the fauna, is distributed through the strata in such a way
that no well-defined horizons are discernible in it.

The animal remains of the Coal Measure epoch consist for the most

part of mollusks, for the reason that they inhabited the water, usually

in large numbers, and their structures were mainly hard and imperish-

able ; and thus generation after generation has been buried and preserved

jaa the sedimentary deposits. The molluscous fauna of the Coal Measures

has been carefully studied in several of our Western States, and though

the collections made in Ohio are large, and they have been passed in re-

view by one of the most learned and accurate of living palaeontologists,

comparatively little has been found that was new or of special interest.
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In the report of Mr. Meek, which forms part of the volume on Palaeon-

tology that accompanies this, our Carboniferous mollusks are fully de-

scribed, and, therefore, no further reference to them is required here.

Of articulates we have found very few. Several crustaceans are de-

scribed in Mr. Meek's report^ and I obtained from the shales over the

lower coal in Summit county fragments of a single insect. This was a

kind of cricket, of which a description, prepared by Mr. S. H. Scudder,

will be found in Part II. of this volume.

By far the most interesting animal remains discovered in our Coal

Measures are fishes and amphibians. Of these, the fishes were nearly

all described in the volume already published. Since that appeared

some interesting additions have been made to our Carboniferous fish

fauna, of which the most important is a species of Ctenodm, a genus. fre-

quently met with in the Coal Measures of Europe, but not before found

in the United States.

The amphibians of the Coal Measures are more fully represented in

our collections than in all the material which has gathered elsewhere.

Prof. Cope has already described twenty-six species of aquatic salaman-

ders from the specimens obtained from the cannel underlying Coal No. 6

at Linton. These are figured and described in the Palaeontological vol-

ume that accompanies tbis.

During tbe past summer I have procured several additional new spe-

cies from this famous locality, and among others a well-marked Kerater-

peton, a genus first described by Prof. Huxley from specimens obtained

in the Coal Measures of County Kilkenny, Ireland. The species found

here is distinct from that of Prof. Huxley, but it. is closely allied to it,

and is specially interesting as adding another to the list of vertebrate

genera common to the Coal Measure fauna of America and Europe.

The large number of species of fishes and amphibians (about fifty)

found in one single coal mine at Linton indicates that the vertebrate

fauna of the Coal Measures was much richer than has heretofore been

supposed. The cannel coal of this locality was undoubtedly deposited

in a lagoon of open water in the marsh where Coal No. 6 was formed.

How extensive this lagoon was, we have not as yet learned ; but all the

fossils found there have been taken from an area a few hundred feet in

diameter. We have probably now obtained representatives of most of

the fishes and salamanders that inhabited this body of water, but cer-

tainly not all, for every considerable collection made there has contained

something new ; and the fauna of the epoch in which this deposit was

made must certainly have been very varied, since from this one spot
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have been taken the remains of fifty distinct species, less than a half

dozen of which have been found elsewhere.

This coal mine at Linton may be regarded, therefore, as a kind of loop-

hole through which we see, in all its details, the life of one locality in the

great world of the Carboniferous age. Looking through that, we have
before our eyes a little pool of water swarming with fishes of various'

kinds, some of them very large, clad in mail and provided with most for-

midable sets of trenchant teeth ; others, small but exceedingly numerous;

covered with enameled and highly ornamented scales and plates. These

latter, as we learn by coprolitio masses, were the prey of the larger ones.

With the fishes were a large number of aquatic carnivorous salaman-

ders, some of which must have been eight or ten feet in length, and as

formidably armed as the larger fishes. Others were snake-like in form,

yet several feet in length, bristling with spines, or protected by thick

and bony scales. Others still were a few inches in length, very slender

and delicate, and, as we know by their mutilated fragments, served as

food for the more powerful.

A remarkable circumstance connected with the Linton deposit is this

:

that in working up some hundreds of tons of the cannel coal which conj

tains the fishes and amphibians, we have obtained not a fragment of an

insect, and only a few small and imperfect remains of crustaceans. Mol-

lusks, too, are entirely absent, no shell of any kind being found there,

except those of Spirorbis, which is thought to have been an annelid.

These occur, however, in millions, and we may infer from the multitudes

of these delicate organisms that the water they inhabited was quiet,

warm, and almost stagnant. Whether salt or fresh, we do not know, but

it seems to me most probable that it was fresh.

Very few remains of plants have been found in the Linton cannel, and

these, if leaves, are skeletonized, showing their long maceration in water.

In this, as in many other respects, the Linton deposit is strikingly dif-

ferent from that of Mazon Creek, Illinois, which has yielded a large num-

ber of insects, crustaceans, and plants, and very few fishes and amphibians.

The entire distinctness of the fossils found in the two localities referred

to—though they are of nearly the same geological age—further illus-

trates the richness of the fauna of the Coal Measure epoch, and teaches

us that what we see of it, varied and interesting as it is, can give us but

a very imperfect idea of the life of the Coal period.
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CHAPTER XXXII.

REPORT ON THE GEOLOGY OP ERIE COUNTY AND THE
ISLANDS.

BY J. S. NEWBERRY.

SURFACE FEATURES AND DEPOSITS.

The most interesting features in the surface geology of Erie county
are the splendid series of glacial markings inscribed on the Corniferous

limestone in and about Sandusky City, the lake ridges which traverse

the county from east to west, and the remarkable petrifying fountains,

known as the Castalia Springs. The first two of these are but local exhibi-

tions of phenomena which are wide-spread, and are the results of causes

which, in their general action, are considered in a special chapter devoted

to Surface Geology. The features to which I refer will, therefore, be only

briefly described in this sketch, as the manner in which they have been
produced will be better understood by referring to the fuller exposition

of the subject given in the chapter cited.

In its topography, Erie county is without any strongly marked features.

The surface, to the eye, seems nearly level, while, in fact, it forms a

gentle slope from the south line of the county, where it has an elevation

of 150 feet above the Lake to the lake level. ' This monotony of surface

has been produced by the planing action of the great glacier that exca-

vated the basin of Lake Erie ; not only that basin which now holds the

water, but the greater one of which the southern boundary is the water-

shed between the Lake and the Ohio. Erie county, therefore, lies near the

bottom of this greater basin, and the great ice mass which filled it, moving
from the north-east to the south-west, ground down the underlying rocks

to a nearly uniform surface. The outlines of the lake shore have been

apparently determined by the same great cause. The general bearing of

the south shore .of Lake Erie is essentially the same from near Buffalo to

the mouth of the Huron river. There the coast line-forms a large angle

with its former course, and stretches, with only local variations, directly

from Huron to the mouth of the Maumee. By a glance at this map,
however, it will be seen that the west end of Lake Erie is blocked up
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with islands, and that a series of these islands stretches northward from

Sandusky and forms a barrier which must have offered serious opposition

to the westward movement of the glacier. The origin of the islands in

Lake Erie is more fully discussed in the report on Ottawa county than

it can be here, and it is there shown that they are the remnants, or rather

most projecting portion of the barrier to which I have alluded, and that

this barrier was formed by the arch of the strata, known as the Cincin-

nati axis, and described in detail in the first volume of the report. The
effect of this ridge, thrown across the lake basin and struck obliquely

by the moving ice mass, was to deflect that slightly to the south, and
'

to cause it to cut the deep notch in the lake shore at the mouth of the

Huron. The excavation of this point was also facilitated by the com-

parative softness of the Huron shale which underlies this portion of the

county. Sandusky Bay is unquestionably one of the channels cut in the

Cincinnati arch by the glacier moving westward, and it corresponds

topographically with the channels between the islands from the north,

all of which are shallow and are cut by the ice out of the solid rock. It

is possible that the location of the Sandusky Bay channel was deter-

mined by the course of Sandusky river in former times. As is shown

elsewhere in this report, we have abundant proof that Lake Erie was

once a valley traversed by a river which now passes Detroit and flows

over the falls at Niagara. At that time Sandusky river was a tributary,

joining the main stream somewhere north and east of its present out-

let, and it may have formed a valley in this part of its course, which

was broadened and deepened by the subsequent glacier. The inscrip-

tion made by the great Lake Erie glacier is very distinctly shown in

many localities in Erie county, but especially on the Corniferous lime-

stone in and about the city of Sandusky. Here the grooves and scratches

which indicate the direction of motion in the ice mass are about S. 80°

W., or nearly coincident with the major axis of the Lake. All the

chief furrows correspond closely in bearing with those so conspicuous on

the islands, and were evidently formed by the same ice mass. Another

set of scratches are, however, seen upon the rock in some places. These

have a north and south bearing, and were produced, as I have supposed,

by the great glacier that excavated the basin of Lake Huron.

The Drift deposits which overlie the glaciated surface in most parts of

the State have been removed from the greater part of Erie county. The

bowlder clay is, however, found covering the rock srfrface in the south-

ern part of the county. This is, as usual, a blue, or where exposed and

its iron oxidized, reddish - yellow, unstratified clay, thickly set with

angular fragments of shale taken from the lake basin. With these ar«
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more or fewer, generally small, bowlders, usually ground and striated,

derived from the crystalline rocks north of the lakes. In this part of

the county are also found beds of sand and the lake ridges which rest

upon the bowlder clay. These latter deposits are evidently the effect

of shore waves, and are in fact old beaches formed when the Lake stood

much higher than it now does. A good illustration of the mode of

deposition, of such sand banks and ridges is seen on the lake shore

between Cedqr Point and Huron. Here the mouth of Sandusky Bay

is partially closed by a ridge thrown up by the waves which will ulti-

mately dike out the Lake from and reclaim a large area formerly covered

by navigable water. The lake ridges which are found at different eleva-

tions, running parallel with the lake shore through many counties of

northern Ohio, are popularly called "lake ridges," and no better proof

of the truth of the theory of their origin implied in this name could be

asked than the example I have cited. Between the ridges and sand-

hills which stretch east and west, north of Prout's Station, is a surface

level to the eye formed by a fine black soil, which covers the limestone

here presenting a remarkably level surface, and nowhere deeply buried.

This district was originally prairie, with islands of timber, and has

proved the most fertile and productive portion of the county. The ori-

gin of the peculiarities of this district—its monotony of surface; the

absence of Drift deposits ; its sheet of fine, largely organic soil, and its

prairie character—though so striking, are, it seems to me, not difficult

of explanation. We have here a broad surface of limestone planed down

nearly as level as a house floor. This was doubtless once covered with,

Drift clay, but this has been removed by the waves of the Lake when

they swept over it. Subsequently, when the water of the Lake had been

withdrawn, this tract-was left in a condition similar to that of the upper

-end of Sandusky Bay, or to that of the space behind the barrier east of

the city, viz., covered with shallow, quiet water, which was gradually

replaced by a fine sediment, mixed with the remains of the luxuriant

vegetation that grew there. The result was a sheet of remarkably fine,

. rich soil, having all the characteristics of the prairie soils of the West,

and, like them, covered with a growth of grass rather than itrees. In

future ages, when Lake Erie shall be further drained, what is now San-

dusky Bay will undoubtedly present nearly the same appearance as the

district under consideration. As the facts observable in this locality

have a bearing on the theory of the origin of prairies, they are referred

to in the notes on this subject, Vol. I., Pt. L, p. 26, of this report.

Castalia Springs.—The phenomena presented by Castalia Springs have

excited considerable curiosity and interest, both on the part of residents
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of the county and of visitors from other States, and deserve a few words

of description and explanation. As is known to most persons, at Cas-

talia a volume of water which forms quite a river flows up from several

deep orifices in the limestone rock, and supplies in its descent to the

Lake the motive power for several mills. The water maintains nearly

the same temperature winter and summer, and its flow is more uniform

than that of surface streams in the vicinity, though sensibly affected

by periods of unusual and wide-spread drouth. The water of the springs

is highly charged with lime, rapidly incrusting any object covered by

it, and it has deposited a sheet of travertine over an area of several

square miles in the vicinity. The rock in which the subterranean chan-

nels are excavated, through which the waters of the springs flow, is the

Waterlime, the uppermost member of the Silurian system. This is a

m'agnesian limestone, in fact, a typical dolomite, containing about forty-

two per cent, of carbonate of magnesia and fifty-five of carbonate of lime.

This rock forms on the surface an unbroken sheet, reaching from Cas-

talia to Logan county, the highest land in the State. The true theory

of the formation of these springs is simply this: the Helderberg lime-

stone, like many others, is soluble in atmospheric water containing

carbonic acid It forms the slope of the watershed, and the drainage

of the country south from Castalia, passing over and through it, has

dissolved out a connecting system of channels which are really subter-

ranean rivers. Castalia Springs are formed at the mouth of one of

these. Similar springs and underground streams are met with in all

limestone countries. The table-land of central Kentucky affords innu-

merable examples of them. This plateau is underlain by a thick mass

of unusually soluble limestone. The surface water dissolves it away so

easily that it enlarges every crack it penetrates, and has formed a con-

nected system of underground channels by which all the drainage of

jfche country is effected. The celebrated Mammoth Cave is only one of

these channels. Along the margin of this plateau there are a great

number of fountains like Castalia Springs, which mark the mouths of

the subterranean streams that have been described. Such fountains are.

also common in Other countries, and the classical Clitumnus bursts out

at the foot of a limestone mountain, forming a fountain precisely like

that of Castalia.
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GEOLOGICAL STRUCTURE.

The section, of the rocks underlying Erie county is, in descending

order, as follows

:

Thickness.

1. Berea grit .'. 60 feet.

2. Bedford shale 75 "

3. Cleveland shale 50-60 "

4. Erie shale.. 50?"

5. Huron shale : 300 "

6. Hamilton limestone 20 "

7. Corniferous limestone 100?"

8. Oriskany sandstone 0-5 "

9. Waterlime group 100?

"

10. Onondaga salt group 30-40 "

In the oil well bored at the mouth of the Vermilion river, the Niagara

limestone, the Clinton group, and Medina sandstone were penetrated,

but they nowhere come to the surface within the limits of the county.

Of the foregoing strata, the first is the sandstone quarried at Amherst

and Brownhelm, of which the outcrop crosses the east line of the county

within less than a half mile of the lake shore ; thence it sweeps round

to the south and west, passing through Berlinville, and a little east of

Norwalk, in Huron county. Within the area lying to the south and east

of this line the Berea grit underlies most of the surface, but it is very

generally covered and concealed by the Drift materials ; and it is only

where its more compact and massive portions have resisted the action of

erosive agents, and these have been left in relief, that it projects above

the surface. The hills in which the Amherst and Brownhelm quarries

are located, and the elevation known as Berlin Heights, are all masses of

this character. They were once bluffs upon the shore of the Lake, and

every where show marks of the action of water and ice. Along the out-

crop of the Berea grit its softer portions have undoubtedly been most ex-

tensively eroded, and are now deeply covered by Drift deposits, so that

-probably little of this portion of the area it occupies will furnish valu-

able quarries of building stone ; but as the surface rises and the rocks

dip toward the south and east it soon passes below the surface, and there

is every probability that within the townships of Berlinville, Lawrence,

and Vermilion, the Berea grit will hereafter be quarried in many local-

ities precisely as it now is at Berea.

So far as we can judge from the exposures of this rock in Erie and

Huron counties, it becomes more shaly toward the south, passing gradu-

ally into the soft ochery sandstone which represents it at Ashland, Mans-

field, and further south.
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Bedford Shale.—Below the Berea sandstone is a bed of shale forty to

sixty feet in thickness, which is sometimes blue or banded in color, but

more generally red. This red shale is conspicuously shown in the val-

ley of the Vermilion, and is exposed at many places in this section of

the State immediately,underlying the Berea sandstone ; it may, therefore,

serve as an important guide to those who are seeking for the excellent

quarry stone furnished by that formation. Neither the Berea sandstone

nor the red shale have in Erie county furnished any fossils ; but at Elyria,

Lorain county, and at Berea and Bedford, Cuyahoga county, a large num-
ber of remains of mollusks and fishes have been taken from these strata.

Cleveland Shale.—Under the red shale in the banks of the Vermilion

occurs a black, bituminous shale, here sixty or more feet in thickness.

This is a constant member of the Waverly or Lower Carboniferous

group, and forms the base of that series. It is unusually well exposed

in the vicinity of Cleveland, and I have therefore called it, for conveni-

ence sake, "the Cleveland ;shale." In its lithological characters this

shale is hardly to be distinguished from the great black shale (the

Huron shale) which is a member of the Devonian system, and which

here lies only a little below.. Further east, however, they are separated

by an interval of several hundred feet, and the fossils which they corx-

tain are widely different. In the Cleveland shale are bones, scales, .and

spines of fishes of small size and of Carboniferous types. In the Huron
shale, on the contrary, we find the remains of fishes of enormous size, of

most peculiar structure, and such as clearly belong to the Old Red Sand-

stone fauna so fully described by Hugh Miller.

Erie Shah.—The lake shore from the Pennsylvania line to Erie, county

is, for the most part, formed by a series of green and blue shales, which
represent the Chemung and Portage rocks of New York, and belong to

the Devonian formation. These shales thin out rapidly westward, and
cease to be recognizable beyond the point under consideration. In the

valley of the Cuyahoga ;they are exposed to the depth of one hundred

and forty feet, and have there yielded the .most characteristic fossils ^f

the Chemung.

The upper layers of the Huron shale are interstratified with the low-ex

ones of the Erie in,the .northeastern portion of the State, as w.e learn by

borings made at Cleveland and further east. Some traces of this inter-

locking may be seen at Monroeville, where the well.sunk at the railroad

station cuts some blue as well as black shales; South of.th|s point, how-

ever, the Erie.shale hasnot been recognized, andit probably reaches burt

a little way back from the Jake shore.

Huron Shale.—This is a name we have given to the greatimass of black

/
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shale designated by the first Geological Board as " the black slate," and

of which the outcrop forms a belt which extends entirely across the

State, from Erie to Scioto county. This is the shale which forms the

banks of the Huron river at Monroeville and below. It is not here a homo-

geneous black shale, as. there are some gray, argillaceous layers inter-

stratified with the more carbonaceous portions. The greater part of it

is, however, black, and highly bituminous, containing ten per cent, or

more of combustible matter. From this bitumen, by slow spontaneous

distillation, petroleum is evolved, and flows out in oil springs at a great

number of localities. The process of distillation also gives rise to the

gaseous hydro-carbons, and gas springs are even more abundant than oil

springs over the outcrop of this formation.

The Huron shale in some places contains many concretions of impure

limestone, of which hundreds may be seen at Monroeville, where they

have washed out of the river banks. These concretions are sometimes

almost absolutely spherical ; and because of their geometric regularity

they have been collected as objects of curiosity by the inhabitants of the

vicinity—often serving as ornamental caps to gate-posts, etc. Some of

these concretions contain the bones or teeth of huge fishes, first discov-

ered in the same formation at Delaware by Mr. Hertzer, and, from its

formidable character, called Dinichthys (terrible fish).

Two species of this genus have been found in Ohio—one at Delaware,

near the base of the Huron shale, and named after its discoverer, Dinich-

thys Hertzeri ; the other from the summit of the formation in Sheffield,

Lorain county, and this I have named Dinichthys Terrelli, to commemorate

the services rendered to science by Mr. Jay Terrell," to whose zeal and

intelligence we owe all the best specimens yet obtained. Both these re-

markable fishes will be found described in the palaeontological portion of

this report. Numerous fragments of the great bones of Dinichthys have

been broken out of the concretions which have fallen from the shale

banks of Huron river, but the specimens yet obtained from these are too

imperfect to show to which species they belong. Little effort has been

made to collect at this point, and it is probable that careful search would

be rewarded by the discovery of some specimens of great interest.

As nearly as we can determine, the thickness of the Huron shale in

this part of the State is about three hundred feet.

Hamilton Group.—At Prout's Station and Deep Cut, on the Sandusky,

Mansfield and Newark Railroad, the base of the Huron shale is exposed,

and beneath it are seen layers of light, cherty, and bluish, marly lime-

stone, which are the representatives of the Hamilton group of New York.

Here the formation has become insignificant in dimensions, compared
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with what it is further east ; for it is not more than twenty feet in thick-

ness, while in central New York the Hamilton group is twelve hundred
feet thick. There is no mistaking the equivalence of these strata, how-
ever, for they are full of fossils. At Prout's Station the following species

are found, viz.: Spirifera mucronata, Cyrtia Hamiltonensis, Strophodonta

demissa, Athyris spiriferoides, Heliophyllum Halli, Phacops bufo, etc., etc.,

the most characteristic fossils of the Hamilton.

The Hamilton beds mentioned above are not always present; as at

Belville, the Huron shale may be seen resting directly upon the Cornif-

erons limestone, here presenting the lithological characters of the San-
dusky quarry stone, and containing great numbers of Strophodonta hemi-

spherica and other well-known Corniferous fossils.

From the softness of the Hamilton limestone in Erie county, as well

as from its inconsiderable dimensions, it forms no well-marked line of

outcrop, but it will be often detected in sections which include the base

of the Huron shale and the top of the Corniferous limestone. It may be
said to underlie a very narrow belt of territory, extending south-westerly

from the lake shore, at a point half way between Sandusky and Huron,

to the Lake Shore Railroad, midway between Monroeville and Bellevue.

The section exposed at Deep Cut is as follows

:

1. Huron shale ; base.

2. Hamilton limestone, ferruginous and cherty, with crinoids
(Ancy-

rocrinus, etc.) and corals 10 feet

3. Hamilton marl, with Phacops bufo, Spirifera miwronata, Cyrtia

Hamiltonensis, Athyris spiriferoides, etc.; base not seen 20? "

The Corniferous limestone appears on lower ground near, but the con-

nection is not seen.

Over the outcrop of the Hamilton cherty limestone a lake ridge is seen,

with a nucleus of unworn blocks, chiefly of Hamilton limestone. The
railroad has here an , elevation of 136 feet above the Lake ; the ridge is

145 to 150 feet. Broken ridges and knolls of sand, evidently one of the

old lake beaches, form a distinct belt in this vicinity.

Corniferous Limestone.—The most interesting, and perhaps the most
important, formation in Erie county is the Corniferous limestone. This
is the rock underlying Sandusky City, that which forms Marblehead,

Kelly's Island, Middle Island, etc.; the source from which the greater

part of the lime used in northern Ohio is derived, and a rock scarcely

less extensively employed as a building stone than the Berea grit. The
upper portion of the Corniferous limestone is blue in color, and lies in

thin strata. It is, this subdivision of the formation that is opened in the
quarries at Sandusky, and which furnishes the blue limestone known
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as the " Sandusky stone," and largely used for building, paving, and flag-

ging at Sandusky and elsewhere. The lower portion is light-colored,

and much more massive, and is that quarried at. Kelly's Island and

Marblehead. The fossils of the Corniferous limestone are exceedingly

numerous and of great interest. Like most other limestones, this has

been derived from the decomposition of organic structures, and in many
places it is almost altogether made up of corals and shells. In chemical

composition it is a magnesian limestone, containing twenty per cent, or

more of magnesia. This peculiarity has been quoted as objectionable in

its adaptation to the manufacture, of lime; but, on the contrary, it is

benefited by this ingredient, the magnesia making it slower in setting,

"less hot," as the masons say, and therefore much more manageable.

The Corniferous limestone has been so fully described in the first vol-

ume of our report, both as regards its physical characters and fossils,

that little need be here said of its general relations. It is proper, how-

ever, that I should here refer to the views advanced by Prof. Winchell

in the reports on Delaware and Paulding counties, and which are not

quite in accordance with those I have expressed in regard to the age of the

upper, or Sandusky, member of the Corniferous limestone. It is claimed

by Prof. Winchell that because it contains certain mollusks that are usu-

ally called Hamilton fossils, such as Cyrtia Hamiltonensis, Spirifera mucro-

nata, and Athyris spiriferoides, it must necessarily be Hamilton; but with

the exception of Spirifera mucronata, which I have never found in the for-

mation except at its very summit, all the other Hamilton fossils found in

the Sandusky limestone are such as are also found in the Corniferous of

New' York, and therefore they constitute no reliable evidence of the

Hamilton age of the deposit. On the contrary, the Sandusky limestone

contains quite a large number of fossils which are not only common in

the lower, or Kelly's Island, subdivision of the Corniferous, but are re-

garded as characteristic fossils of the Corniferous in New York, and are

not found in the Hamilton. We also have in the Sandusky limestone

all the remarkable fossil fishes—alluded to further on, and more fully de-

scribed in our palseontological reports—which form the most striking

features of the fauna of the Lower Corniferous (Kelly's Island and Co-

lumbus) limestone. None of these have ever been met with in the

Hamilton of New York. The Corniferous mollusks alluded to above as

found in the Sandusky limestone are Spirifera acuminata, S. gregaria, S.

macra, Pentamerus aratus, Strophodonta hemispherica, Tentaculites scalaris,

etc. Of these, only the first has ever been found in the Hamilton, and

this, perhaps, but in a single instance in New York, while it is locally

nearly as abundant in the Sandusky as in the Kelley's Island limestone.
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The insufficiency of the evidence upon which the conclusion is based

that the Sandusky limestone belongs to the Hamilton group will be seen

from the range of most of the fossils which form this evidence. For ex-

ample, Cyrtia Hcmittonenm is found throughout the Corniferous, Hamil-
ton, and Chemung. The same is true of Atrypa dspera. Atrypa reticularis

ranges from the Clinton to the Chemung. Athyris spiriferoides is found

throughout the Corniferous and Hamilton groups. I should also say that

Cyrtia Hamiltonensis occurs in abundance at Sylvania, at the very base

of the Corniferous group, and I have well-marked specimens from that

locality obtained by Mr. Gilbert in limestone that was somewhat inter-

stratified with the Oriskany.

This subject will be found discussed more at length in Vol. I., Part I.,

pp. 144-149, and the reader is also referred to the reports on Delaware and
Paulding counties by Prof. N. H. "Winchell, contained in this volume, and
to that of Mr. S. K. Gilbert on Lucas county, Vol. I., Part I., p. 576.

The fossil fishes of the Corniferous limestone have attracted more or

less attention from geologists for many years. They are now chiefly ob-

tained from the quarries on Kelly's Island and Marblehead, in the

Lower Corniferous limestone ; in those of Sandusky and Delaware, from

the upper member, or Sandusky limestone. My attention was first called

to them by Dr. E. S. Lane, of Sandusky, as early as 1850. Since then a

great number of fine specimens have been obtained from the Sandusky
quarries by Dr. Lane, Dr. A. H. Agard, and Mr. L. P. Wheelock. These

represent quite a number of genera and species, which are figured and
described in the paheontological portions of this and the preceding vol-

ume. The following is a list of such fossil fishes as have been found at

Sandusky and on the islands

:

Macropetalichthys Sullivanti Newb.
Onychodus sigmoides

Machseracanthus major

M. peracutus .....\

M. sulcatus

Bhynchodus pangeus

E. secans

E. crassus 1 ,

Asterosteus stenocephalias

Acanthaspis armatus

Acantholepis pustulosus

Of these, the first two are the most common and conspicuous, and will

be recognized from a few words of popular description by all who have

seen collections of fossils taken from the Sandusky limestone.
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Of Macropetalichthys the only portion yet found is the cranium. This

is composed of a number of geometrical plates of which the external

surface is beautifully tubercled. It is known to most of the quarrymen,

and by them it is generally regarded as the carapace of a turtle. It is,

however, in fact, the cranium of a large fish, as any one will plainly see

if they will take the trouble to compare with it the cranium of our

common sturgeon. No teeth have been found connected with the cranial

bones of Macropetalichthys, though many heads apparently complete have

been discovered. I have, therefore, been led to conclude that, like the

sturgeon, this fish was toothless.

Onychodus was an equally large fish, of which the cranial bones were

much more numerous and easily separated, so that they are generally

found detached and scattered through the rock. The jaws of this fish

are not unfrequently met with. They are a foot or more in length, and
are studded with teeth along the upper margin. The most singular fea-

ture in the, structure of this fish is formed by a crest of seven large,

curved, pointed teeth, which, attached to an arch of bone, were inserted

between the extremities of the under jaw, apparently acting like the

prow of a ram. These teeth are quite abundant in the Sandusky lime-

stone, the smaller and more curved ones somewhat resembling the claw

of some of the cat tribe, a resemblance which suggested the name I have

given to the genus—claw-tooth.

Oriskany Sandstone.—Beneath the Corniferous limestone, on the Penin-

sula, and near Castalia, a thin band of sandstone is visible. This holds

the position of the Oriskany sandstone in New York, and though it has

here yielded no Oriskany fossils, they are said to have been obtained

from it in Indiana ; and there is little doubt, therefore, that it should be

regarded as the equivalent of the Oriskany sandstone.

Waterlime.—The upper portion of the Silurian system is, in Ohio, rep-

resented by the Waterlime and Salina formations. Of these, the Water-

lime is the uppermost and by far the most conspicuous. It underlies a

larger portion of Ohio than any other formation except the Coal Meas-

ures. It composes all of Catawba Island, Put-in-Bay, and the other

islands of that group. Erie county just reaches the edge of the Water-

lime area, and, as has been mentioned, it is in this rock that the subter-

ranean channel is excavated through which flows the stream of water

that forms Castalia Spring.

Ihe Waterlime group is probably about one hundred feet in thickness.

The upper portion is a nearly pure dolomite, the lower an argillaceous

limestone, some of which is well adapted to the manufacture of hydraulic

lime.

13
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Salina Group.—The Waterlime is immediately underlain by a series

of calcareous shales and beds of gypsum, which apparently represent the

Onondaga Salt group of New York. The gypsum quarries worked by
Mr. George A. Marsh on Sandusky Bay lie within the limits of Ottawa

county, but the same formation extends under Sandusky, where it has

been reached in boring wells for oil, at too great a depth, however, to be

profitably worked. These beds of gypsum also form the bottom of the

Lake off the south point of Put-in-Bay Island, so that they apparently

underlie a large area in this vicinity. They deserve to be carefully

sought for, as they may be found in localities where they will be readily

accessible. From the continuity of the surface clays, this exploration,

however, can only be effected by boring. The gypsum of Sandusky is

of excellent quality, and the quantity is apparently inexhaustible.

About ten thousand tons per annum are produced at the quarries of

Mr. Marsh. *

* The gypsum occurs at Mr. Marsh's quarries in horizontal strata, of which the

upper is covered by Drift clay, has been very much eroded, and its normal thickness

is not determinable. This is underlain by a stratum of limestone one foot in thick-

ness, beneath which is another stratum of snowy gypsum six feet in thickness.

Below this is another limestone band one foot in thickness, and a third stratum of

snowy gypsum, which has been excavated to the depth of about six feet and has

not been passed through. The subjoined wood-cut will give a better idea of the

deposit than any verbal description

:

A. Drift clay, 5-12 feet.

B. Snowy gypsum, 0-5 feet.

C. Limestone, 1 foot.

D. Snowy gypsum, 6 feet.

E.j Limestone,.1 foot.

F. Snowy gypsum,- 6 feet.

"The bands of limestone interstratifled with the beds of gypsum in the above section

; afford conclusive evidence that the gypsum was not produced by the action of acidu-

lated waters on limestone. This theory of ihe genesis of gypsum has been advocated

•by high authority, but all the great deposits which I have seen were certainly not

.formed in this way, but rather by precipitation from basins of water charged with

-salt, sulphate of lime, etc.
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ECONOMIC GEOLOGY.

The mineral staples of Erie county consist of

—

1st. Building Stone.—No portion of the State is more abundantly sup-

plied with excellent building materials than that immediately about

Sandusky. The Amherst sandstone, which is known, and I can almost

say used, all over the United States, reaches into Erie county, and, though

not yet quarried there to any considerable extent, may perhaps become

hereafter an important contributor to the wealth of the inhabitants.

The Sandusky limestone is also highly prized as a building material,

and its capability of supplying suitable stone for large and handsome

structures is illustrated in the splendid high school building and vari-

ous other edifices at Sandusky, as well as churches, stores, and residences

at Toledo, Cleveland, etc.

The quarries of the Corniferous at Marblehead and Kelly's Island

are in Ottawa county, but the strata worked there underlie all of Erie

county, and may be reached at various points with little trouble. The
same beds of the Corniferous furnish quick-lime not inferior in quality

to any manufactured in the State, so that lime may be specified as one

of the important mineral staples of the county.

For certain purposes a carbonate of lime is required purer than that

furnished by the Corniferous limestone. This may be supplied in abun-

dance by the travertine from Castalia Springs, of which I give two

analyses made by my assistant in the School of Mines, Mr. Gr. L. Baxter

:

1. 2.

Silica 0.075 .110

Sulphate of baryta .356

Alumina and iron .362 .102

- Carbonate of lime 97.726 92,410

" magnesia 1.481 2.853

Water and loss 4.525

Total 100.00 100.00

2d. Oil Shales.—The carbonaceous matter contained in the Huron
shale is equivalent in heating power to that of a thick seam of coal, but

up to the present time we have not discovered any mode of making that

source of power available except by distilling oil or gas from it. Both,

these useful substances are constantly being evolved from this great car-

bonaceous mass by spontaneous distillation, and it is possible that they

may be hereafter, when the supply of petroleum from wells has failed,

artificially generated from this source so cheaply as to pay a profit to the

manufacturer. It is also worth remembering that further east along the

Lake shore, as at Erie, Pennsylvania, and Pr'edonia, New York, the spon-
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taneous flow of carbureted hydrogen gas from the Huron shale has been

extensively utilized. Fredonia was for many years exclusively, and still

is partially, lighted by natural gas, and at Erie wells sunk for the pur-

pose are supplying combustible gas which is being successfully applied

to the heating and lighting of residences and manufacturing establish-

ments.

The gypsum and hydraulic lime of the Waterlime and Salina groups

should, perhaps, be enumerated among the mineral resources of Erie

county, as, though not found upon the surface, they lie not far below.

The quantity and accessibility of these materials are, however, yet so

much in doubt that no one would be justified in anticipating a great

increase in the wealth of the county from this source.

In concluding this report, it aflords me pleasure to acknowledge my
obligations to' Dr. A. H. Agard, Mr. L. P. Wheelock, and Hon. D. C.

Richmond, for valuable assistance rendered in my explorations of the

county.



GEOLOGY OF THE ISLANDS IN LAKE ERIE.

Although forming part of two counties, the islands in Lake Erie con-

stitute a group which it has been more convenient to study together, as,

topographically, they are dependent on a common cause, and, geologically,

are so closely connected as to be best considered in one view.

The number of islands in the west end of Lake Erie is considerable,

and they are scattered over an extensive area. All the larger ones, how-

ever, are so closely approximated as to be visible from a single stand-

point. The largest of all these islands is Point Pele, of which the area

is about 11,000 acres ; the next largest, Kelly's Island, contains about

3,000 acres; Put-in-Bay Island, 1,500 acres. North and Middtje Bass

Islands, Sugar Island, Middle Island, Rattlesnake Island, Ballast Island,

Gibraltar, Green Island, and Starve Island, are all much smaller. Mid-

dle Island and Point Pele Island lie north of the Canadian line. All

these islands are formed out of the solid limestone rock, apparently by

glacial action, and are separated by channels of no great depth, of which

the rock bottoms (when they are not covered with Drift clay), like the

islands themselves, every where bear the inscription of the ice masses

which once moved over them.

A deep cjhajinel connects Lake Huron with Lake Erie, now for the

most part concealed by Drift clays with which it is filled. Just what the

outlines and depth of this channel are, has not yet been correctly ascer-

tained ; but the borings made for oil at Enniskillen and Bothwell, in

Canada West, show that the clay which occupies it has in some places a

depth of two hundred feet. Borings made at Detroit show that a mass

of Drift material underlies the city to the depth of more than one hun-

dred feet below the surface of Detroit River. This deep channel appar-

ently connects with the basin of Lake Erie north of the islands that

have been mentioned, and south of it all the western portion of the Lake

is comparatively shallow. Here and there masses of limestone project

above the surface, and form, beside the group of islands already men-

tioned, the East, West, and Middle Sisters, the Hen and Chickens, etc.

The surfaces of all these islands are plowed and furrowed, and afford, per-

haps, the most conspicuous examples of glacial markings to be found in

the country.

Most of these glacial furrows have a bearing nearly coincident with

the longer axis of Lake Erie, showing that the ice masses by which they

were formed moved in that line. The evidence is no less conclusive that

the motion was from the east end of the Lake toward the west. This is
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shown by the general contour of the islands, their eastern sides being

more sloped and cut away than the western, and not unfrequently

masses of rock will be found broken and unworn on the western sides,

showing that they were in the lee of the moving mass of ice. The
direction of the movement is, however, still more distinctly shown on

those portions of the glaciated surface which contain masses of flint.

These have resisted the ice action to a greater degree than the surround-

ing limestone, though they are found more or less worn or broken on

their eastern sides, while a longer or shorter trail of limestone shows the

protecting power of the flint. Beautiful examples of this kind are re-

ported by Mr. Gilbert on West Sister Island, and a photograph of a block

taken from that island will be copied to illustrate the chapter on the

Drift which forms part of this volume. The margins of most of the

islands have been more or less cut away by the action of the waves, so

that the glacial markings are destroyed or removed ; but in a few in-

stances—as on the north side of Kelly's Island and the south of Put-in-

Bay— the sides of the rocky masses have been protected from wave
action, and still exhibit their original form and character. Here we find

evidence that the ice not only passed over every portion of the islands,

but molded itself to their sides in such a way as to scar and furrow

them quite as distinctly as the level surfaces. In one instance, a perpen-

dicular wall, composed of layers of unequal hardness, has been fluted or

beaded like a cornice, and even cut under, so as to present an overhang-

ing shelf planed on its under as well as on- its upper side. Such ex-

amples afford positive proof that the cutting away of the limestone was

effected by glacial and not by iceberg action ; and it is impossible that

any one should study the surfaces of these islands without becoming a

convert to the glacial theory, for every phase of the excavations effected

in those rocks over which glaciers have moved is repeated here in all the

most striking details.

The reason why the western portion of Lake Erie is so much more

shallow than the eastern, and why that portion is studded with islands,

is simply this : by a reference to the geological map of Ohio it will be

seen that the line of the Cincinnati axis of upheaval passes through the

western end of the Lake, and along this axis the rocks are raised up in a

great fold, and the solid masses of the Devonian and Upper Silurian

limestone come to the surface. East of this arch the surface is underlain

for a long distance by soft shales (Huron and Erie) of Devonian age.

These have yielded readily to the erosive power of the glacier, and have

been cut away to form the principal portion of the lake basin. When
the moving ice mass reached the line of the Cincinnati arch it encoun-
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tered a formidable barrier in tbe strata of limestone of which that arch

is mainly composed. Hence this portion of the lake basin was less

deeply excavated, and the most prominent or the most resistant masses

of limestone have been left in relief, and now project above the surface

of the Lake. It is probable, also, that the channels between the islands

are in part due to surface erosion, for we have evidence that all the

region about the islands was for a long period entirely above drainage.

This is proven not only by the deeply excavated channels of all the

streams which flow into the Lake, as Grand River, the Cuyahoga, Black

River, the Huron, Portage, Maumee, and so on. All these streams now

enter the Lake from onehundred to two hundred feet above their ancient

beds, and when they flowed in their now deeply buried rocky channels

Lake Erie had no existence as a lake, but was a valley traversed by De-

troit River, which flowed north of Point Pele Island at least two hundred

feet below the present lake level, and received the streams I have men-

tioned as its tributaries. We have other evidence that the country

about the islands was once all dry land in the caves upon those islands,

which were ancient subterranean water-courses, and are excavated con-

siderably below the lake surface.

SOIL AND VEGETATION.

In most parts of the islands the rocks of which they are composed are

covered with a greater or less thickness of Drift clay. This, when ex-

posed to the air, is brown, or chocolate color, from the oxidation of its

contained iron, and, like much of the bowlder clay on the main land, is

filled with minute fragments of the rocks which have been excavated

to form the lake basin, mainly Huron and Erie shale. With these are

pebbles—rarely bowlders^of • crystalline rock, evidently brought from

the north. The clay also contains great numbers of fossils plainly de-

rived from the Hamilton rocks. The most abundant of these is the

Spirifera mucronata, generally worn and rounded, as though transported

some distance from its place of origin. In a few localities, as in the

westerly side of Put-in-Bay Island, there are heavy masses of gravel and

bowlders, mostly of remote origin, and which, perhaps, deserve to be con-

sidered as moraines.

The soil of the islands is partly derived from the disintegration of the

underlying rocks, and partly from the Drift clay. It is, therefore, highly

charged with lime, and has proved to be so well adapted to the culture of

the grape that nearly all the cultivated portions are laid out in vine-

yards. The success of the grape culture oh the islands has also been de-
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pendent in part upon the equable climate which they enjoy, and which

they owe to the broad expanse of water surrounding them. The summer
is longer upon the islands than upon the main land, and frosts are much
less likely, in spring and fall, to injure blossoms or prevent the ripening of

fruit. • The mildness of .the climate is also shown by the presence and

luxurious growth of many plants which belong to the flora of the south-

ern portions of the State.

In the condition of nature, the islands were covered with a dense forest

and undergrowth, from which had accumulated an unusual thickness of

humus, and this has given them their extraordinary fertility. Another

peculiarity of the islands, depending probably both on the peculiarities

of the climate and the calcareous quality of thpsoil, is the vast numbers

of land-shells found upon them. Several species of Helix, which are

somewhat rare on the main land (if, solitaria and H. multilineata), occur

here in such abundance that the soil in some localities is whitened by

and largely composed of their shells.

When first visited by the whites, the margins and many of the more

rocky portions of the islands- were covered with a dense growth of red

cedar. This has been now entirely cut away, largely by plunderers, and

nought but the stumps remain to witness to the unusual size of the trees

which formerly flourished there. The primeval forest was, however,

composed, for the most part, of white oak, and this, when cut away (if the

area is not immediately placed under cultivation), is followed by a dense

growth of sumach, which attains here greater dimensions than I have

elsewhere seen ; and it is probable that, from the value of their bark in

tanning and their luxuria-nt growth, these trees might prove a crop

scarcely less remunerative than any now raised on the islands. The

lower and more level parts of the surface formerly sustained a very heavy

growth of maples and hickory, and here, as elsewhere, the first was thickly

interwoven by vines of the wild grape, which, by their size and luxuri-

ance, were prophetic of the success that has followed the introduction of

cultivated varieties.

kelly's island.

Geological Structure.—Kelly's Island and Middle Island are composed

entirely of Corniferous limestone, as they lie in the line of the belt of

outcrop of this formation which passes northward through Columbus,

Delaware, and Sandusky. Only the lower, or Columbus, division of the

Corniferous limestone is shown on these islands—the upper, or Sandusky,

limestone having been entirely removed.

On Kelly's Island the limestone has been extensively quarried for
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many years ; and these quarries have been the chief sources of the sup-

ply of lime to all the cities on the eastern shore of the Lake. Hardly

any lime is manufactured here, but the stone is exported and burned in

the immediate proximity of the markets, and where fuel is more abund-

ant. The. quarries, of Messrs. Kelly, Huntington, Carpenter, and G. W.
Calkins are quite largely worked, and have formed the basis of the prin-

cipal business on the island. The greater part of the stone produced is

used for lime and flux in the furnaces of northern Ohio. It is usually

sold by the cord, and varies in price from three to five dollars per cord.

The most elevated portion of the island is on the northern side, where

a local summit rises to sixty feet above the Lake. Here is a magnificent

display of glacial markings, such as deserve especial notice, from the

fact that they are inscribed on the vertical as well as on the horizontal

surfaces.

Still more interesting glacial grooves have recently been uncovered

at the quarry of Mr. Calkins. Mr. J. "W. Dunn, foreman of the quarries,

has had them photographed, so that though the originals will be soon

destroyed, the copies will remain.

The limestone on Kelly's Island furnishes a large number of the char-

acteristic fossils of the Corniferous group, of which examples may be

found in most of the collections in the country. Many remarkably fine

specimens obtained in the quarries of Mr. Norman Kelly have been care-

fully preserved by him ; and we owe to his intelligence and courtesy a

number of those of which figures adorn the plates of the paleeontological

portion of this report.

Middle Island, as has been mentioned, lies within Canadian territory.

It is of limited area (seventy acres), and rises but little above the sur-

face of the Lake. It is, however, a locality of much interest to the geolo-

gist, as, in addition to the fine exhibition which it affords of glacial

marking, it is, perhaps, the richest in fossils of all the group of islands.

The Corniferous limestone here resembles, in its lithological characters

and the abundance of its fossils, the exposure at the falls of the Ohio

;

and here, as there, we seem to be standing on an ancient coral reef. The

corals of Middle Island include a large number of species, many of which

were of gigantic dimensions. Some of these grew in dome-shaped masses,

like the Astreas and Meandrinas of our present tropical seas. I have seen

on Middle Island specimens of Cyathophyllum rugosum, Eridophyllum, and

Strombodes ten and even twelve feet in diameter.

All the islands of Lake Erie west of the two I have mentioned are

composed of the Waterlime group, and on Put-in-Bay, Ndrth and Middle

Bass, Rattlesnake, and Green Islands, we have some of the best exposures
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of this formation to be found in the State. The group of islands which

cluster around Put-in-Bay are separated by narrow channels, and seem

originally to have formed a single mass. The limestone of which they

are composed exhibits evidences of having been lifted and shattered,

and the relief of these masses is, probably, in part, due to upheaval.

As has been before stated, these islands lie in the track of the Cincinnati

arch, and it would seem that there had been some disturbance long sub-

sequent to the original upheaval. The evidences of this disturbance are

seen in the irregularity of the bedding of the limestone, and in belts

along which it appears to have been completely shattered, and subse-

quently re-cemented ; as in these, belts large fragments are not unfre-

quently seen standing at right angles to their former position, which is

distinctly marked by their stratification. It would also seem that along

these lines of fracture several thermal springs once arose to the surface,

for we here find the interstices of the brecciated rock not unfrequently

filled with masses of calc spar, sulphate of baryta, sulphate of strontia,

and native sulphur.

We nowhere get upon the island a complete section of the Waterlime

group, as its upper portion and junction with the Oriskany and Cornifer-

ous are buried in the channel between Kelly's Island and Put-in-Bay.

At the southern point of Put-in-Bay Island, however, we have the base

of the Waterlime and an exposure of the upper part of the Salina. The

section at this point is as follows :

1. Gray brecciated limestone, massive, and without fossils 30 feet.

2. Cream-colored, thin-bedded limestone 3 to 7 "

3. Gray brecciated limestone, similar to No. 1, containing im-

mense numbers of Leperditia atta 8 "

4. Thin-bedded, dove-colored, or gray, laminated, earthy lime-

stone, with fossils ; used for waterlime 12 "

5. Blue, earthy, massive limestone, weathering chocolate, with-

out fossils, atlake level 10 "

In the foregoing section the last number belongs to the Salina group,

and its surface marks the junction between the Salina and the Waterlime.

Just off South Point the anchors of vessels frequently drag up masses

of gypsum, which shows that the Lake bottom is composed of that mate-
c

rial. "On the Peninsula, eight miles distant, the gypsum comes to the

surface, and is extensively worked. Here it is overlain by blue, earthy

limestone, similar in character to the limestone exposed on Put-in-Bay

Island.

At the northern end of the island last mentioned, the dip being in

this direction, higher beds of the Waterlime group are exposed. These

are similar in character to those of South Point, viz., massive and brec-
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ciated layers, intersected by thin sheets of laminated limestone. These

latter, at Peach Point, have furnished large 'numbers of fossils which

serve to identify accurately the formation with the Waterlime of New
York. These are, Eurypterus remipes, Spirifer plicatus, and Leperditia alta.

The rock composing Rattlesnake Island, Middle Bass, Sugar Island,

etc., is precisely similar to that which forms the mass of Put-in-Bay Is-

land; and, therefore, the geology of those islands requires no detailed

description. I should mention, however, that on North Bass there were

obtained from a well sunk for water some unusually fine masses of

crystallized celestine; and on Rattlesnake Island I procured a large

quantity of fluor spar in brown crystals. Green Island also deserves

special notice, as it has furnished nearly all the fine specimens of crys-

tallized celestine which have been obtained in this country—much finer,

indeed, than are known to exist any where else in the world. The
celestine here occurs in masses of many tons weight, filling pockets and

fissures in the limestone. This island is a light-house station, and be-

longs to the United States Government. If possessed by private parties,

it is quite possible that the strontian might be profitably worked, to

meet the demand for the nitrate of strontia, which forms the red fire of

theaters and of pyrotechnical displays. The splendid crystals of celes-

tine obtained from Green or SJrontian Island are found studding the

walls of cavities. They are sometimes met with as large as one's hand,

and almost perfectly transparent throughout.

The cavernous character of the Waterlime group has been referred to

in another part of this report. Of this we have striking examples in

the group of islands now under consideration, and in the neighboring

peninsula and highlands. The surface of Put-in-Bay Island shows a

great number of depressions, or "sink-holes," which are nothing else

than caves of which the rooofs have fallen in; and it seems probable

that nearly the whole mass of the island is honey-combed by subterra-

nean galleries. Several of these have been entered, and two of them

constitute the' chief curiosities of the island for the numerous visitors

who make this a place of summer resort. One of these, " Perry's Cave,"

as it is called, has special geological interest. It is plainly a subter-

ranean channel of drainage, like most caves in these limestone rocks,

which are generally filled with the water of the Lake. The water which

stands in this cave is known to have the same level as that of the lake

surface without, and it rises and falls with all the temporary oscillations

of level which the Lake undergoes. The lower portion of the cave is now
completely submerged, and how deeply it sinks, or whither it leads, is

not known. The part which is above the water-line was formerly hung
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with stalactites, and the floor covered with stalagmites, many of which
still remain. These, as Is well known, are formed by the dripping from

the roof of water holding lime in solution, and the precipitation of this

lime both on roof and floor. This precipitation could, of course, only

take place in air, and would be impossible in a gallery filled with water.

But during the last summer the interesting discovery has been made by
Capt. John Brown (who resides on the island, and has given much atten-

tion to its geology) that the floor of the cave was studded with stalag-

mites far below the present level of the Lake. This shows very palpably

(what is, however, taught by the very existence of the cave) that the lake

level was once much lower than at present, and that all that part of the

cave which is now under water was once filled with air, through which

the water dripped from roof to floor, precipitating its lime, as is now
done in the upper portions of the cav^jP

The limestone of which Put-in-Bay and the adjacent islands are form-

ed, as proved by our numerous analyses, is nearly a typical dolomite

—

that is, it contains more than 40 per cent, of magnesia. This composi-

tion of the stone has been cited as proof that it was unfit for the manu-

facture of lime ; but, as a matter of fact, the lime which is most esteemed

in the southern part of Ohio, and in many other portions of the country,

has nearly the same composition as that obtained from the Put-in-Bay

Island stone. For example, the lime most esteemed in Cincinnati, de-

rived from the Niagara group, and obtained at Springfield, Yellow

Springs, and Cedarville, has almost the composition of the Put-in-Bay

waterlime, as will be seen by the table of analysis given below. The

lime preferred above all others in the city of New York is that manufac-

tured from the Sing Sing marble, which is a typical dolomite, contain-

ing—
Carbonate of lime 53.24

Carbonate of magnesia , 45.89

Silica and alumina .87

100.00

Analyses op the Massive Beds of the Wateklime Group, Put-in-Bay Island,
made by prof. e. w. root.

1. 2. 3. 4.

42.03

41.64
0.40

0.30

1.81

55.40

42.37
0.30

0.29

1.15

54.23

44.98
0.56
0.74

0.35

63.37

32.57

0.40

0.33

0.68

98.18 . 99.51 100.86 97.36
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Analyses of Hydbaulic Layebs of Wateblime from South Point, Put-in-Bay,

by De. H. Endemann..

1. 2. 3. 4.

51.43

40.24
3.85

3.85

49.11
36.87

10.05
3.65

51.28
39.65

7.80

2.75

42.95

39.79
13.30

3.55

99.37 99.68 101.48 99.59

As is usually the case* in the State of New York, the Waterlime group

on Put-in-Bay Island contains certain layers which make good hydraulic

cement. These are the flaggy layers which form No. 4 of the section

given on a preceding page. No satisfactory test has ever been made of

the quality of this stone, but some of the layers are known to possess

hydraulic properties. It is probable that, with some care in the selec-

tion of the material, good cement could be produced in any desired

quantity, and at little expense, at South Point.

In my examination of the geology of the islands I have been greatly

aided by the cordial and efficient co-operation of my friend Capt. John

Brown, of Put-in-Bay, and I take this occasion to return to himmy sincere

thanks for numberless favors of various kinds. I also desire to acknowl-

edge my obligations to Mr. Norman Kelly and Mr. John W. Dunn, of

Kelly's Island ; to the first, for numerous fine specimens taken from his

extensive quarries ; to the second, for the intelligent appreciation and

preservation of the magnificent glacial furrows uncovered at the quarries

of G. W. Calkins & Co., and also for a series of photographs illustrating

them.



CHAPTER XXXIII.

REPORT ON THE GEOLOGY OP LORAIN COUNTY.

BY J. S. NEWBERRY.

SURFACE FEATURES.

The topography of Lorain county is, as a general rale, simple, and for

the most part even monotonous. The surface slopes gently from the

southern townships—where, in Huntington and Rochester, it has an

elevation of from 300 to 400 feet above the Lake—to the lake shore. To

this rule there are, however, some exceptions, such as, that of the gorge

of Black river at and below Elyria, where some wild and beautiful

scenery is to be found. The underlying rocks are rarely exposed to

view, as they are generally covered with a thick sheet of superficial ma-

terials, which forms a smooth and unbroken surface. The lake front in

Avon and Sheffield is a precipitous cliff, which, at Avon Point, has a

height of 75 feet, here forming a bold and picturesque headland. This

feature is dependent upon an arch of the strata which brings up some of

the lower and harder rocks, and these have offered greater resistance to

the waves than the softer overlying beds which come down to the lake

level both east and west.

At the mouth of Black river, and thence west to the county line, the

shore of the Lake is low. At Amherst are bold ledges of Berea grit,

which project above the surface and overlook all the low country be-

tween them and the Lake. These ledges evidently once formed the lake

shore, when the water stood 140 feet higher than it does now, and at that

time they were shore cliffs similar to those now seen at Avon Point,

although composed of very different material.

The soil of Lorain county, particularly the southern part, is generally

clay derived from the underlying bowlder clay, one of the Drift deposits.

This has given a peculiar character to the vegetation, and to the system

of agriculture which followed the removal of the primeval forest. The

forest growth on this surface was mainly elm, linden, ash, and hickory,

and when brought under cultivation the soil was found better adapted

to grass than grain. Hence the farmers generally became dairymen,
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and have devoted their attention to the raising of stock and the making

of butter and cheese. As an effect of these causes, Wellington is now
one of the most important cheese markets of the Western Eeserve.

In the central part of the county a belt of sandy soil reaches across

from east to west. The sand of this region is intimately connected with

the lake ridges, and is the product of the action of the shore waves

when the lake level reached to the altitude of this belt. Near the lake

shore the soil is clay again, but here mostly derived from the decompo-

sition of the underlying rocks, the Drift clays having been generally

washed away. Good examples of this kind *>f soil are seen in the north-

ern part of Avon and Sheffield ; and there, as in the adjoining township

of Dover, Cuyahoga county, it has been found well adapted to the culti-

vation of the grape, and the surface is already largely occupied with

vineyards. The timber of the center and northern part of the county,

where the soil is light, is mainly oak, hickory, and chestnut. The origi-

nal forest growth in all parts of Lorain county was dense and strong,

the accumulation of vegetable mold beneath it deep, and the fertility of

the resulting soil is marked and universal.

Lake Ridges.—:The most interesting feature in the surface geology of

Lorain county is formed by the lake ridges which traverse it from east

to west. These have been frequently alluded to in the reports on the

other counties which border the present lake shore, particularly in that

on Cuyahoga county (Vol. L, Part I., p. 178); and the proof is there given

that they were thrown up by the action of the waves of the Lake, and

mark the place of old shore lines at successive periods of rest in the de-

scent of the lake level. The lake ridges are, perhaps, nowhere better

shown than in Lorain county. The impression has generally prevailed

that there were but three of these ridges—those known as the north,

middle, and south ridges. It will be seen, however, by reference to the

map which accompanies Chapter XXX., prepared at my request by Prof.

A. A. Wright, of Oberlin, that while there are three principal ridges,

having the altitude respectively of 100 to 118 feet, 150 to 160 fee*, and

200 to 220 feet, there are also a number of local or intermediate ridges,

which frequently are continuous for several miles. For example, in Am-
herst, the lowest, called Whittlesey's ridge, is a little less than 100 feet

above the Lake, and within two miles of the lake shore. The next, or

north ridge, is nearly continuous from Cleveland to Brownhelm, and ex-

tends much farther both east and west. This has generally an altitude

of from 100 to 110 feet. 3d. Middle ridge, extending diagonally north-

west and southeast through the center of the township, having an alti-

tude of about 150 feet. 4th. South ridge, continuous through the south-
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ern part of the township, and having an altitude of 200 feet. Near

Elyria this south ridge divides into two parallel ridges, which turn up

the valley of Black River and reappear in Carlisle, Eaton, and Ridge-

ville, there known as Chestnut Ridge and Butternut Ridge. Thence they

continue easterly, with some interruptions and interlocking, till they

reach Brooklyn, Cuyahoga county, and curve southward into the valley

of the Cuyahoga. In Ridgeville, which has taken its name from the

ridges,' four distinct ridges have been identified, while another, the most

continuous of all, passes further north through Avon.

The want of uniformity in the elevation of the surface in different

parts of these ridges is not greater than we should expect to find in the

circumstances. No one who will examine the composition of the ridges,

and trace their courses on the map, will doubt that they are contour

lines inscribed upon the topography by the action of shore waves. But

on all sea beaches we find that the materials thrown up by the shore

waves, or blown up by the wind, rise to somewhat different heights in

different localities, according to the exposure and to the abundance and

fineness of the material. Where this is sand, it is not generally thrown

up to any great height by the waves, but it is often caught by the sea

or lake winds, and heaped up much beyond the reach of wave action.

Hence the ridges were doubtless higher in some places than others when
first formed, and this inequality may have been exaggerated by the sur-

face erosion to which they have been exposed during the ages which

have since elapsed. By surface erosion they have also been frequently

cut through, and perhaps locally quite removed ; and to this cause we
must attribute many of the gaps and interruptions which break their

continuity.

The ridges parallel with the south shore of Lake Erie are sometimes

continuous with and run into terraces ; that is, the waves cut steps, or

notches, into the shore where it was abrupt and hard—washed up mate-

rial and formed ridges along the same line where it was low and soft.

In the same way we now see a cliff forming at Avon Point, and a ridge

being raised between the mouth of Huron River and Cedar Point, Erie

county. In some places, also, a terrace left by the old shore waves is

composed of unstratified Drift clay. In such localities the declivity has

been mistaken for a ridge, and from the nature of the materials compos-

ing it some erroneous ideas have been conceived in regard to the origin

of the lake ridges. Precisely such terraces as I have referred to may,

however, be seen now forming near Cleveland, and at other points where

the immediate shore of the Lake is composed of Drift clay.

Drift Deposits.—As has been mentioned, most of the surface of Lorain
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county is immediately underlain by beds of clay, which form part of the

series of Drift deposits that cover so much of Ohio and the adjoining

States. Beneath these the surface of the underlying rocks—wherever

hard enough to retain such markings—is found planed, grooved, and

striated, evidently by ice which formed part of a great glacier that filled

the lake basin and flowed over it, reaching as far as the Ohio. This

glacier was for ages moving from the north southward, and as it rested

with immense weight on the rocky sub-strata of the country, by the aid

of sand and gravel which accumulated beneath it, it ground down the

rocks over which it moved to nearly a plane surface, and grooved

and scratched them just as glaciers now do the rocks which they

traverse. The materials excavated and ground up by the ice-sheet were

pushed along by it in its motion and thrust out at its margin, where

they remained to form a "moraine," or were washed away by the water

formed by the melting ice. Hence it is apparent that no considerable

accumulation of matter of any kind could take place under the gla-

cier. But we find the glaciated surface often deeply buried under beds

of clay, sand, and gravel, which must have been deposited there after

the retreat of the glacier. These sheets of superficial material are called

the "Drift," from the fact that they have b*en generally transported

long distances from their place of origin. In the northern part of Ohio

the Drift deposits are usually clay—stratified or unstratified—with more

or less sand and gravel, and at the surface large transported bowlders.

Of this series the lowest is unstratified clay, thickly set with frag-

ments of shale, and with some small, usually striated, bowlders of crys-

talline rock, brought from the region north of the lakes. This deposit

is called the bowlder clay, and is the direct product of the grinding

action of the glaciers upon the shales, limestones, etc., which have been

excavated in the formation of the lake basin. As the glacier melted

away and retreated northward, this bowlder clay was left in a somewhat

irregular sheet along its margin, and we still find it covering the rock

surfaces over most of Lorain county, where a basin of water took the

place of the ice. From this were deposited sheets of fine clay, frequently

beautifully stratified, and without pebbles or bowlders. Hence we often

find the lower bowlder clay overlaid by laminated clay, but the two-

varieties blend together and have been included in the general term
" Erie Clay." The bowlder clay is also frequently called hard-pan. It is

blue in color, and exceedingly compact and tough. Sometimes it is yel-

low or reddish, from the oxidation of the iron it contains ; and this is the

prevailing color of the stratified clay.

The sand and gravel which sometimes overlie the clays were deposited

14
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long after the bowlder clay, when water filled the lake basin, and they
are largely due to the action of shore waves and of the streams which
drained the high lands back from the Lake, and brought down sand and
gravel from their sources.

The bowlders which are scattered abundantly over the county must
have been transported from the Canadian highlands by icebergs, as I

have shown elsewhere (Vol. I., Part I., p. 183).

GEOLOGICAL STKU'CTTJRE.

The rocks which immediately underlie the surface in Lorain county

are, with the exception of a single exposure on the lake shore, portions

of the great Carboniferous system, and belong to the Lower Carbonif-

erous, or Waverly group. They include all the members of the Waverly
group, and nearly the entire thickness of the formation. The succession

of rocks in the county is as follows, beginning with the highest and
descending to the surface of the Lake

*

1. Cuyahoga shale, average thickness, 150 feet

.

2. Berea grit,
"

3. Bedford shale, "

4. Cleveland shale, "

5. Erie shale, "

6. Huron shale, exposed

Waverly.
60 "

70 " „

50 "

,

' "" [-Devonian.
50 "

J

The lower two, elements in the above section represent the summit of

the Devonian system ; the others are all Waverly. The rocks enume-

rated form sheets which have a general dip in the State toward the south

and east, but within the limits of Lorain county this dip is reversed or

replaced by several local folds. It is not easy to say precisely what the

north and south dip of the rocks is, as the exposures are only superficial

in the southern part of the county. Taking the Berea grit, however, as

a guide, we find it in Brownhelm, within a quarter of a mile of the

Lake, where its base has an altitude of less than 100 feet above the

Lake. In Amherst it lies 140 feet above the Lake, while in the valley

of Black River, at Elyria, it is but 65 feet. Toward the eastern margin

of the county it rises again, reaching an altitude of 140 feet. This latter

arch is strongly marked on the lake shore, where the strata are seen

rising westward from Rocky River to Avon Point and dipping again to

the west, half way between Avon Point and Black River.

Cuyahoga Shale.—All the southern half of the county is underlain by

the Cuyahoga shale, the uppermost member of the Waverly group. This

formation consists of blue or gray argillaceous shale—frequently called
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soapstone—with thin bands or flags of fine-grained sandstone. The

maximum thickness of the Cuyahoga shale is something like 250 feet

;

hut as the upper portion has been removed from Lorain county, its thick-

ness there may be estimated at 150 feet. This formation supplies com-

paratively little that is of scientific interest or economical value. It

rarely furnishes any good building stone, and is generally destitute of

fossils. Its upper beds, however, yielded in Medina a very large num-
ber of beautifully marked mollusks and crinoids, many of which are

described and figured in our report. Fossils are also found in the bed of

Black River, within the limits of this county.

Berea Grit.—The Cuyahoga shale is underlain by the Berea sandstone,

the most distinctly marked and economically important element in the

geology of the county. As it extends through a large part of Northern

Ohio, and has been fully described in other portions of our report, no

detailed notice of it will be required here. It contributes largely to the

wealth and business of all the country it traverses, but its best and most

valuable development occurs in Lorain county. Though varying con-

siderably in thickness and character in different localities, the Berea

grit is generally a rather fine-grained and homogeneous sandstone, lying

in courses from a few inches to several, feet in thickness, and varying in

color from a light drab to a light blue or dove color. Its thickness ranges

from fifty to seventy feet, and it forms a continuous line of outcrop, ex-

cept where covered by superficial deposits. It enters the county from

the east in the township of Avon, and its lower surface is exposed at the

village of French Creek; thence it passes south-westerly to Elyria,

where it forms the falls ; thence sweeping around through Amherst to

its most north-westerly outcrop in Brownhelm. As it lies so nearly ho n-

zontal, and has a thickness so considerable, the Berea grit is the surface

rock over a very extensive area of the northern and central portions of

the county, but it is generally overlain and erncealed by the Drift clay,

even where it approaches very near the surface. As the Berea grit sup-

plies perhaps the best building stone in the State, and one that is ex-

ported to New York and Boston on the one hand and Chicago on the

other, it has such value that its distribution, quality, and accessibility

deserve to be carefully studied over all the region where it can be

reached. I shall, therefore, refer to it again when I come to speak of the

economic geology of the county. The exposures of the Berea grit which

have hitherto attracted the most attention are those of the Amherst and

Brownhelm ledges. These, as has been before stated, were undoubtedly

once the shore cliffs of Lake Erie, when its waters stood much higher

than now. They owe their prominence and relief, however, mainly o
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the fact that the rock which composes them is more massive than that

which connects and surrounds them. Hence, in the erosion to which
this region has been exposed, these harder and more massive portions

have best resisted the denuding action, while the softer rocks have been

more deeply cut away. The light and uniform buff of the Amherst
stone is undoubtedly due to the 'act that these elevated cliffs, being

freely drained, have been traversed by atmospheric waters, so that the

iron the stone contains has been thoroughly oxidized. In localities

where the stone is beneath the water level, or is covered with a consider-

able thickness of clay, it will be found to have a light blue color, as at

Berea. It is well illustrated by the recent workings of the Amherst

quarries, in which a stratum of very fine-grained, homogeneous blue

stone has been found beneath the lighter beds, and where the rock was
imperfectly drained. This variety is called Blue Amherst, and is very

handsome and highly esteemed.

No fossils have been found in the Berea grit of Lorain county, so far as

I am informed. It has, however, yielded many interesting fossil fishes

at Chagrin Falls (Palseoniscm Brainerdi), and some fish spines {Qtenacan-

thusformosus), and a large Lingula at Berea, so that something of the kind

may be looked for in the quarries of Lorain county.

Bedford Shale.—Below the Berea grit comes in the Bedford shale, and

this is exposed in all places where the sandstone is cut through. In

Lorain county the upper part of the Bedford shale is generally red, and

this will serve as a convenient guide in future explorations made in

search of the Berea grit, it being understood that the only red shale in

the county lies immediately beneath the sandstone. This red shale is

well shown at the village of French Creek, in the gorge of Black River,

at Elyria, in the railroad cut between Elyria and Amherst, in the quar-

ries at Amherst, and in the cliffs bordering the Vermilion in Brown-

helm. The best exposures of the entire thickness of the Bedford shale

are on Black River, below Elyria, since the cliffs are chiefly composed of

it for two or three miles. Here it is seen that the upper portion is deep

red, the lower, bluish red and gray. It will be also noticed here that the

upper surface of the shale i3 very irregular, showing that the currents of

water which transported the sand—now the Berea sandstone—cut away

the shale, then a red clay, in deep and broad channels. As these were

filled with sand, the under surface of the sandstone is very uneven and

its thickness variable. Several thin bands of impure limestone occur in

the Bedford shale in the banks of Black River, and these contain a few

fossils, the most abundant being a lammellibranch mollusk, called Mac-

rodon Hamiltoniee, and a small Lingula not yet described. In one of
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these limestone bands I also found a triangular fragment, six inches

long by four inches wide and one and a half inches thick, of the bone of

some gigantic fish, probably allied to Dinichthys. This is the only trace

of this fish yet found, and it indicates that the Bedford shale may upon

proper search furnish some much more interesting material than any

yet obtained from it. At Berea a considerable number of fish teeth have

been obtained from the calcareous bands in the Bedford shale, so that

though at first thought utterly barren, it may prove quite rich in new
species of fossils.

Cleveland Shale.—This is a black bituminous shale, fifty or sixty feet

in thickness, which is well exposed beneath the Bedford shale in the

valleys of Black and Vermilion rivers. It contains over ten per cent, of

carbonaceous matter, and this gives it a black color, by which it may be

at once recognized when freshly broken. Where long exposed, its carbon

is burned out by oxidation, and it becomes gray. Hence its outcrops,

taking the color of the other gray shales in the series, may not be .iden-

tified without some excavation. The only fossils found in the Cleveland

shale of Lorain county up to the present time are minute, rhomboidal,

enameled fish-scales. These belong to a ganoid fish, probably a species of

Palssoniscus, but no entire individuals have yet been obtained. The
Cleveland shale has no economic importance, except that it is clearly

the source of the petroleum found at Grafton and Liverpool.

Erie Shale.—This is the summit of the Devonian system, as now classi-

fied. It is a mass of gray, argillaceous shale, with thin flags of sand-

stone and lenticular iron ore. It is not easy to say with accuracy what

its thickness is in Lorain county, but it is somewhere from 100 to 150

feet in the central and eastern portions, while in the valley of the Ver-

milion it has almost disappeared. In this county it is the wedge-shaped

edge of a formation that thickens rapidly eastward, forms the lake shore

most of the way from the mouth of Black River to the State line, and at-

tains a thickness of fully 2,000 feet in the State of New York. In most

places it is very barren of fossils, and has yielded none in Lorain county;

nor does it furnish any material which can be made to contribute to the

wealth or comfort of the inhabitants. The Erie shale is well exposed on

the lake shore at Avon Point, and less perfectly in the bed and banks of

French Creek and Black River near their mouths.

The Huron Shale.—This is a formation which attains a thickness of

300 feet or more, and is exposed in a continuous belt reaching from the

Lake through the central part of the State to the Ohio. In Huron county it

forms the banks of Huron River, and its entire thickness is exposed. In

Lorain county it is only seen on the lake shore between Avon Point and
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the mouth of Black River, and at the mouth of the Vermilion. In the

former locality it is brought up in a fold of the strata to which allusion

has already been made. About fifty feet of the extreme summit of the

formation are here exposed, consisting of bands of black bituminous

shale, interstratified with gray shale and thin sheets of micaceous, pearly

sandstone. In the valley of the Huron, as generally farther south, it is

a nearly homogeneous black shale. Although showing such limited ex-

posures in the limits of Lorain county, the Huron shale has furnished

some of the most interesting and extraordinary fossils that have ever

been discovered. These are chiefly the remains of gigantic fishes, sim-

ilar in character to some of those described by Hugh Miller, but very

much larger. Most of the specimens obtained are referable to a single

species of the genus Dinichthys, which will be found fully described in

the palseontological portion of this report. The remains of Dinichthys

were first found by the Rev. H. Hertzer in calcareous concretions at the

base of the Huron shale, near Delaware, Ohio, and the species to which

they belong—named in honor of the discoverer—is figured and described

in Vol. I. , Part It, p. 316, plates 30 and 31. Subsequently Mr. J. Terrell, of

Sheffield, and Prof. G. N. Allen, of Oberlin, found on the lake beach, west

of Avon Point, rolled fragments of large bones, which I recognized as

portions of the great dorsal "shield of Dinichthys. The finding of these

specimens prompted a search for the bones in place in the cliff of Huron
shale from which they had evidently been washed out. This search was

rewarded with very interesting results. Prof. Allen obtained by exca-

vating the rocks a complete dorsal shield some sixteen inches in diame-

ter ; and later, in company with Mr. G. K. Gilbert, a supra-scapular and

a large pre-maxillary tooth. But the most interesting specimens found

in this locality have rewarded the laborious and intelligent search of Mr.

J. Terrell, the proprietor of Lake Breeze House, situated in the imme-

diate vicinity of the outcrop of the fish-bearing stratum. His first im-

portant discoveries were those of an entire dorsal plate and the posterior

half of a cranium, both of which are figured on plates 32 and 33 of our

first volume. Unfortunately, these speciments were destroyed in the

burning of Ely's block in Elyria. Their loss has, however, been more

than made good by Mr. Terrell, who has since discovered nearly the en-

tire bony structure of an individual of gigantic dimensions, of which.

a

more detailed description will be found in Part II. of this volume. This

proves to be a distinct species from that found at Delaware at the base of

the formation. The latter has a row of conical teeth on the edge of the

maxillary, and a corresponding row with which these interlocked in the

middle of the mandible, while in the Sheffield species, to which I have
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given the name of Dinickthys Terrelli, the maxillaries terminate below

in a sharp, knife-like edge, which plays upon a similar edge on the man.

dible, and the whole dentition constitutes a cutting or slicing apparatus

of great power. So far as at present known, all the bones of Dinickthys

found at Sheffield belong to this species, while all those found at Dela-

ware appertain to D. Hertzeri. A fine spine of Ctenacanthus (Ct. vetustus)

was also found at Sheffield by Mr. J. W. Hulbert, of Elyria ; and this is

described in Vol. I., Part II., p. 326, pi. 35, fig. 3. Mr. Terrell obtained, in

addition to the fossils mentioned, several bones of small and, as yet, un-

described fishes, some cones, apparently belonging to Lepidodendron, and

an undescribed species of Goniatites, all from the Huron shale at Sheffield.

Broad, flag-like impressions of plants are very common in the formation

here as well as elsewhere. These are undoubtedly the* remains of sea-

weeds, and it is probable that the carbonaceous matter the shale contains

was derived from this source.

The succession of the rocks exposed in the central and northern por-

tions of the county will be seen at a glance by reference to the section

given below, which begins at the surface of the Berea grit, 15 feet below

the Lake Shore Railroad at Elyria, and' reaches to the lake level at the

mouth of Black River. ^

Section of the Rocks in the Valley op Black River;

1. Berea grit, thickness 40 to 70 feet.

2. Red shale, " 30^0 60 "

3. Gray shale, " 10' "

4. Gray limestone, thickness. 5 to 8 inches.

5. Calcareous shale, " 1 f6ot.

6. Black bituminous shale, thickness ... 27 feet. -»

7. Gray shale, thickness 7 " [ Cleveland shale.

8. Black shale, like No. 6, thickness 50 " '

9. Gray shale, to Lake, " 40 " Erie shale.

A well bored for oil in the valley of Black River, at Elyria, and begun

a few feet below the base of the Berea grit, is said, by a near resident and

stockholder, to have been carried to the depth of 1,000 feet, "600 feet of

which was in shale, the remainder in limestone and sandstone." If this

boring can be relied upon, the interval between the Berea grit and the

Corniferous limestone is here only about 600 feet, while at Peninsula, in

the valley of the Cuyahoga, wells beginning at the same horizon were

bored to the depth of 1,000, and in one case 1,400 feet, and, as reported,

" all in shale ;" and at Cleveland a well, begun more than 200 feet below

the Berea grit, was sunk 1,000 feet in gray and black shales without

reaching the limestone.

Bedford"shale;
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There is probably some inaccuracy in the statement quoted above, as

two wells were bored for oil by Mr. D. M. Fisher, near the mouth of

Black River, and in these 700 feet of shale were passed through before the

limestone was reached.* These wells were begun nearly 100 feet lower,

geologically, than that at Elyria ; so that the interval between the Berea

grit and the Corniferous limestone, under the central portion of Lorain

county, cannot be less than 800 feet.

All these borings indicate that the Erie shale, and probably the Huron,

have thinned very much in the interval of thirty miles between the

valleys of the Cuyahoga and Black River. Going west, this thinning still

continues ; in the valley of the Vermilion the Erie shale having pretty

much disappeared, the Cleveland shale apparently resting directly upon
the Huron. A well bored at the mouth of the Vermilion shows the

thickness of the shales which separate the Berea grit from the Sandusky

limestone to be less than 400 feet, and gives a thickness to the Huron
shale of about 300 feet. The borings made in the eastern counties indi-

cate that it has in some places a thickness nearly twice as great.

ECONOMIC GEOLOGY.

As has been stated, much the most important element in the mineral

resources of Lorain county is the Berea grit, which already makes a

gross annual contribution of more than a half million dollars to the

wealth of the county; and there is every reason to believe that this treas-

ury is not only inexhaustible, but that it is destined to be far more

largely drawn upon in future years than it has yet been. The variety

of stone furnished by this formation greatly enhances its value, as it

serves many useful purposes. It supplies, perhaps, the most highly es-

teemed and popular building stone known in the State, which is now
extensively used not only throughout 'northern Ohio, but is exported to

St. Louis and Chicago on the west, Canada on the north, and Boston and

New York in the east. It is every where highly appreciated for its

beauty, durability, and the ease and certainty with which it is worked.

In its different varieties the Berea grit is applicable to all kinds of grind-

ing, and grindstones made from it are not only sold in all the principal

markets of our own country, but are exported to nearly all parts of the

icivilized world. Although passing through a large number of the coun-

* About 130 feet below the bottom of the shale, or 830 feet from the surface, in

both wells, fissures, oil, gas, and salt water were reached. The oil was heavy—30°

Beaume—and the quantity was small. It was probably derived from the Niagara

below.
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ties of the State, and extensively quarried in many localities, the Berea

grit seems to reach its maximum of excellence in Lorain county. Here

it has been chiefly quarried at Amherst, and the " Amherst stone " is

now as widely known and has a reputation as firmly established as any

other building material in use. The Amherst quarries are located in a

series of ledges which I have stated were once the shore cliffs of Lake

Erie. The base of the stratum here lies about 140 feet above the Lake,

with which the quarries are connected by railroad. The Lake Shore

Railroad also passes them, and supplies means of transportation by

which a large part of their product is removed. The Berea grit at Am-
herst, as elsewhere, varies considerably in character, and especially in

solidity, within limited distances, and the ledges in which the quarries

are situated apparently represent the more massive and solid portions of

the stratum which have best resisted erosion, and hence have been left in

relief. Their elevation has also caused them to be thoroughly drained,

and the iron contained in the stone generally oxidized so that it has a

warmer tint than where, as at Berea, it lies below drainage. The Am-
herst stone is commended by the following qualities which it possesses

in an unusual degree

:

1st. Durability. It is chemically nearly pure silica, and is scarcely

more affected by weathering than the best granite ; it is also very re-

fractory, and will endure exposure to fire by which granite or limestone

would be entirely destroyed.

2d. Strength. This varies from 6,000 to 10,000 pounds to the square

'inch ; from two to four times that of the best brick, and at least sufficient

to endure any weight likely to be imposed upon it by modern archi-

tecture.

3d. Color. This is generally light drab, warm, cheerful, uniform,

and unchangeable. The variety known as "blue Amherst," recently

obtained from the base of the formation, is a delicate and attractive

blue.

4th. Texture. This is fine and homogeneous, without flaws, iron, or

clay balls. While containing the quarry water, it works, as the stone-

cutters say, "like cheese," but hardens on exposure, and retains every

inscription with the greatest fidelity.

These qualities are rarely found in as great perfection combined in one

stone, and are such as fully warrant the high reputation it enjoys. The
other uses of the Amherst stone are scarcely less important than those

to which I have referred. It is now furnishing several varieties of grind-

stones which have no superior in the world. They are wrought of all

sizes, and are adapted both for dry and wet grinding. Among other
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grindstones made at Amherst, the "American Wickersley" stone is spe-

cially esteemed for grinding saw-plates, edge-tools, etc.

The ledges which supply the stone at Amherst extend into Brownhelm,

there exhibiting the same features, and are largely worked in part by

the same proprietors. The following firms and individuals are engaged

in the quarrying of stone and the manufacture of grindstones at Amherst

and Brownhelm : The Clough Stone Company; Worthington & Sons ; The

Wilson & Hughes Stone Company ; G. Barber ; J. McDermott & Co. ; W.
James ; Peck Brothers ; J. S. Butler & Co. ; The Cleveland Stone Com-

pany.

The product of the quarries for 1870—for which I have the fullest

returns—was as follows :

Block stone, cubic feet 509,434

Sawed stone, square " 41,818

Grindstones, tons 13,700

Railroad ballast, " .' 12,000

Sand, " 500

Perch stone, " 9,000

The price of block stone was from .40 to 50 cents per cubic foot ; of

grindstones, $12 to $15 per ton. The value of the production of the Am-
herst quarries in 1870 was estimated at about half a million of dollars,

and it has been steadily increasing since. The number of men employed

was 620.

Elyria Quarries.—The exposures of the Berea grit at Elyria are ample,

and they show the formation to be as thick and massive here as at any-

other point in the county. It may also be said that the stone is more

accessible here than at any other locality, as it forms the bed and bank
of Black river both above and below the falls. As a general rule, it

is coarser and less homogeneous here than at Amherst. Very excellent

stone has been obtained, however, from the quarries on the land of

Albert Ely, Esq., on the west side of the river ; and the new quarries

recently opened by Mr. H. E. Mussey, on the west bank of the West Fork,

above the falls, reveal courses of very excellent stone of both drab and

gray tints. These quarries are most conveniently situated along the

track of the extension of the Tuscarawas Valley Railroad, and seem

capable of supplying an inexhaustible quantity conveniently placed for

shipment by the railroads or the Lake. Between the forks of Black

River, and in the suburbs of the town, Mr. Elmer Adams has a quarry

which has been in operation for some years. The stone it furnishes

is of a blueish or gray color, massive and homogeneous, and closely

resembles in color and texture much of the Berea stone. On the lands
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of Heman Ely, Esq., on the east side of the West Fork, and opposite the

quarries of Mr. Mussey, the Berea grit is very accessible, and quarries

might be opened here at small cost which would probably afford stone

of the same quality with that on the west side of the stream. West

and north-west of the village, over a considerable area bordering both

the Lake Shore and Black River Railroads, the Berea grit comes near to

the surface, and is covered only with Drift clay. In this vicinity there

would seem to be quite a large amount of quarry land where the stone

is readily accessible and favorably located for shipment.

No effort has yet been made to manufacture grindstones from the

Berea grit at Elyria, and the impression has prevailed that the stone

was too coarse for any but heavy grinding. To this purpose some of it

is certainly well adapted, and there is every reason to believe that search

for a finer and better grindstone grit will be rewarded with success. It

should be remembered that the character of the Berea grit varies very

much, both as regards solidity and fineness, in its different layers and

in different localities, and the true value of the deposit in this vicinity

can only be accurately determined by more thorough exploration than

has yet been made. It may be confidently expected, however, that the

quarries at Elyria will hereafter become an important source of wealth

to the community, and that this will be one of the principal points of

shipment of stone to supply the great Lake market.

In Ridgeville the Berea grit comes to or near the surface in many
localities. Its qualities can hardly be said to have been tested, as but

little quarrying has been done here. Some of the stone seems, however,

to be good, and the chances of opening valuable quarries in this town-

ship are such as to warrant more attention than they have yet received.

The Berea grit has also been quarried at the village of French Creek

by Mr. Ebenezer Wilson, in Pittsfield by Mr. McRoberts, in Lagrange by

Mr. Nelson Rose, and it is much more extensively worked in Columbia,

where the stone is of excellent quality and has an established reputa-

tion. From these facts it will be seen that the Berea grit is accessible

in nearly all parts of the county, ihus insuring to the inhabitants

throughout all time an abundance of building stone of the best quality

at their very doors—a blessing far more rare than generally supposed

—

and affording an unfailing source of revenue.

Petroleum.—This should also be enumerated among the mineral resources

of Lorain county, although very little is produced there at the present time.

In Grafton, oil springs were discovered by the first settlers, and petroleum

taken from springs in the adjoining township (Liverpool) was sold

throughout the country as a medicine long before wells were bored on Oil
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Creek. Very naturally, when the oil excitement began, the oil springs

of Grafton attracted attention. They are quite copious, and, in some in-

stances, the soil about them is completely saturated with tar and asphalt,

produced by the evaporation of the oil. A series of pits which may be

seen about the oil springs at Grafton furnish evidence that here, as at

Mecca and Oil Creek, oil was collected by the ancient inhabitants of the

country. In 1861 several wells were bored for oil in Grafton, and at one

time speculation ran high there. The oil proved, however, to be limited

in quantity, and, being very thick, was not well adapted to distillation

(the only use then made of petroleum) ; and, as a consequence, the enter-

prise was not successful. Since then this variety of oil has come into

general use as a lubricator, and is very much more valuable than the

lighter kinds. The character and promise of this oil district is very

similar to that of Mecca, Trumbull county. The oil is undoubtedly de-

rived from the Cleveland shale, and has risen into and saturated the

Berea grit ; but inasmuch as the quantity coming from this bituminous

mass, which is of only moderate thickness, is not large, and there is no

impervious cover over the reservoirs furnished by the sandstone, the oil

has evaporated, or flowed away, as fast as formed, and no such accumula-

tions have taken place as in the capacious, deeply buried, and closed res-

ervoirs of Oil Creek. The oil of Grafton is dark in color, has a specific

gravity of 22° to 25° Beaume, is an excellent lubricator, and would be

worth in market about a dollar a gallon. The details of the efforts made

to obtain oil at Grafton are as follows : Four wells have been sunk there.

The Rising well, on lot 58, was bored to the depth of 150 feet. This well

yielded 30 barrels of lubricating oil within three months' time, the oil

flowing from a seam 85 feet below the surface. Erastus Jones' well, one

and a half miles north of the center, was sunk to the depth of 600 feet,

but drew its oil from a point 100 feet below the surface. The total yield

of this well was about 30 barrels of oil. The Crittenden well is the only

one of the series now worked. It is pumped by a wind-mill, the yield

being about 40 barrels in six months. It is possible that well-directed

efforts would greatly increase the yield of oil at Grafton, at such a cost of

time and money as would xbe well repaid.

During the prevalence of the oil excitement several wells were bored

in the valley of Black River, at and below Elyria. In these some oil was

obtained, but not in " paying quantity." There is still a conviction

lingering in the minds of some of those who were interested in this

enterprise, that further trials would be more successful. To this faith,

however, I am unable to give much encouragement. To me it seems

more probable that if additional wells were bored in the valley of Black
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River, their history would he similar to that of all those which have been

bored here and in the valleys of the Cuyahoga, Rocky River, and Vermil-

ion—that is, that oil would be obtained from them, but only in small

quantity. The reasons for this opinion have been given in full in Vol. I.,

Part I., page 160, of this report, and I will only very briefly state them

here. While the geological formation is essentially the same in the val-

leys of Oil Creek, the Cuyahoga, and Black River, it is also true that the

strata are thinner, finer, and less disturbed in Ohio than in Pennsylvania.

Hence the supply of oil is less. There are no beds of sandstone above

the oil-producing rock to act as reservoirs, but, instead, a compact mass

of fine impervious shale. In these circumstances, the quantity of oil to

be obtained might be expected to be small, and, as a matter of fact, all

the oil wells bored in Cuyahoga and Lorain have been failures.

Gas Springs.—Like all the country lying over and near the outcrops of

the bituminous Cleveland and Huron shales, Lorain county abounds in gas

springs. Nearly every township has its "burning spring," and some of

them are of considerable magnitude. Of these I will enumerate a few. In

Avon township a " gas spring " may be seen in the Lake opposite the Sher-

man farm, half a mile west of the center roadl Here a steady flow of gas

comes to the surface over an area of about one square rod. In fair

weather this keeps the water in agitation, as though it were boiling, and

it is said never to freeze in this spot in winter. The flow of gas is here

constant, and so copious that, if it could be utilized, it would be of great

value. Another similar spring has been noticed half a mile from the

land, opposite the farm of Mr. Henry Titus. In Brownhelm a group of

gas springs may be seen near the east bank of the Vermilion River,

just above the mouth of Chance Creek. In Columbia township a volu-

minous " gas spring," and perhaps the most remarkable in the county,

is situated in the Hickox mill-pond, near Olmsted Station. The gas

here sometimes throws up the water to the height of five or six feet,

and makes a noise which can be heard at the distance of several rods.

In Grafton there is a gas well on the farm of Mr. Truman Bogg, a

half mile east of the center. The oil wells all yield more or less gas, and

numerous gas springs are known in the township. In LaGrange there

is a gas spring on the farm of George Foster, one mile south of the center.

In Penfield Mr. Henry C. Luther, who lives two miles north-west of the

center, has a well from which the flow of gas is used to light his house.

The supply is much greater than is required for this purpose, and eould

probably be made to do the cooking as well. The gas from this well has

been used since 1869, with no apparent diminution in quantity. In

Russia township numerous gas springs are known, and Lot Parsons, Esq.,
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living two miles north of the first church, has a well that supplies gas

by which his house is lighted. The above cases are cited from a large

number noticed in the progress of the Survey, for the purpose of calling

attention to the fact that in many parts of the county combustible gases

are escaping from the ground, and that these are capable of being util-

ized for both lighting and heating. It is now well known that at sev-

eral points along the shore of Lake Erie wells have been bored for the

purpose of obtaining supplies of gas, and that a large number of such

efforts have been successful. The pecuniary value of such a flow of gas,

if it could be made to do the heating, lighting, and cooking of a family,

would be very great, while the convenience, cleanliness, and comfort of

its' use would make it an almost priceless luxury.

Peat and Marl.—No peat is now produced in Lorain county, but it exists

in considerable abundance in several localities. In Brighton and Camden
are extensive marshes, which were doubtless once lakes, but which are

now filled with peat. In the Great Bear Swamp, in Camden, a pole may
be thrust down twenty feet through peat. In Brighton, on land owned

by Mr. Driver, is one of these lakes, but partially grown up, and which

shows a water surface of about four acres. This lake is said to be 100 feet

deep. It is surrounded by a broad margin of peat, and was evidently

once much larger than now. Whether the peat of Lorain county can

yet be successfully substituted for coal and wood as a fuel, is an unsolved

problem ; but there is little doubt that, where remote from railroads, when

the supply of wood shall have been exhausted, these peat bogs will be

utilized and be shown to have great value. It is worth remembering

that the remains of the elephant and mastodon are usually found in peat

bogs similar to those referred to. In any excavations hereafter made, for

drainage or other purposes, in these marshes, this fact should be borne in

mind.

Shell marl has been found in various parts of the county, but as yet

has been scarcely applied to the use for which it has considerable value

—

the fertilization of farming land. The peat beds referred to above, and

which have taken the place of water in little lakes, are frequently un-

derlain by shell marl. All such deposits can be conveniently explored

by a screw or pod augur, with a handle ten feet in length.

Iron Ore.—Patches of bog ore are found in many parts of the county,

but as they probably have no economic value, they do not require par-

ticular notice. A blast furnace was built in 1861 in the village of

Charleston, and is now owned by Mr. S. Q. Edison, of Cleveland. For-

merly some bog ore and "beach ore " (the latter washed out of the shales)
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were used in connection with specular ore from Lake Superior, but lately

the use of the native ores has been discontinued.

ANCIENT EARTH-WOKKS.

Mounds and embankments made by the ancient inhabitants of the

country are found in several places in Lorain county, two of which will

be briefly noticed here. The best-preserved " fortifications " in the county

are on the land of R. Burrell, Esq., in the angle formed by the union of

French and Sugar Creeks, in Sheffield township. The valleys of these

two streams are quite deeply excavated, and inclose a narrow triangle of

high land at their junction, which is bounded by cliffs of shale 45 feet

in height and almost perpendicular. Across the base of this triangle, at

the distances respectively of 350 and 278 feet from the apex, are two deep,

parallel trenches, each 135 feet long, reaching across from bluff to bluff.

Mr. Burrell states that when the land was first cleared, in 1816, these

trenches were eight feet deep. They have been plowed over from year

to year since, but are quite plainly discernible. The purpose of these

trenches was evidently to defend from attack a village or citadel situated
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on the level surface of the height. The plateau was evidently inhabited

for many years, perhaps centuries, as the soil which covers it is a " made
soil," abounding in bones of animals, stone implements, and arrow-heads.

Probably the efficiency of the trenches was increased by palisades or some
other defense of wood, all trace of which has disappeared by decay.

An ancient fortification erected by the Mound Builders is discernible

on land owned by Mr. Jacob Delker, on a bench of the west bluff of the

Vermilion River, where it makes a bend after entering the township

from Henrietta, not far below the bridge. The descent upon this projec-

tion of land is quite rapid. About midway of the descent a trench was
dug, and breastworks were thrown up. They now stand out distinctly,

but have been cut through in the middle to permit the passage of wagons.

The trench has been mostly filled in by the washing down of the gravelly

bluff above. A young peach orchard is on this old fortification.

About seven acres are included in a large fort on Mr. Jacob Ennis's

land, on the east bank of the Vermilion River, three miles above its

mouth. The Mound Builders must have considered this an important

station, as shown by these extensive intrenchments, now somewhat ob-

scured in outline on one side by reason of many years' plowing. The

soil of this fort contains quantities of fragments of bone and pottery

and chippings of flint.
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CHAPTER XXXIV.

REPORT ON THE GEOLOGY OP OTTAWA COUNTY.

BY N". H. WINCHELL.

That portion of Ottawa county known as "the Peninsula," including

the townships of Danbury and Rensselaer, is not included in this report.

The remainder of the county is very densely wooded, and but few out-

crops of rock are known. With the assistance, however, of the county

surveyor, Mr. Ernest Prank, and under his guidance, all those outcrops

were visited.

POSITION AND AREA.

Ottawa is one of the most northern tier of counties, and borders on the

west end of Lake Erie ; the peninsula included between Sandusky Bay

and Lake Erie, belonging to this county, being its most eastern extension.

North of its western end is Lucas county. It is bounded west by Wood
county and south by Sandusky county. It contains an area of about

eight townships, of thirty-six square miles each.

NATURAL DRAINAGE.

The Portage is the principal river of the county, and is navigable for

tugs and schooners as far as Oak Harbor. It intersects the county in a

direction a little north of east, and enters Lake Erie at Port Clinton. The

entire drainage of the county is in the same direction ; the other streams,

such as the Little Portage, which enters the Portage from the south, in

the township of Bay, Toussaint Creek, and Turtle Creek, -having, like the

Portage, a very gentle descent, with slack-water several miles above

their mouths. The Portage itself is a mere creek in the summer season

above the slack-water, and some of the other streams become quite dry.

SURFACE FEATURES.

The surface of the county is quite fiat, and elevated but little above

Lake Erie. With the exception of the drainage valleys, which are exca-
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vated in the Drift to the depth of fifteen to twenty-five feet, the limestone

ridges and knolls constitute the only diversity of surface. These ridges

produce gentle upward undulations of the surface, extending sometimes

two or three miles, usually exposing the rock, and rising from five to fif-

teen feet above the general level. In traveling over the country they

are hardly perceptible to the eye, and are first revealed by the occurrence

of stones and small bowlders on the surface of the Drift. Such limestone

ridges are most frequent in the township of Clay, and the rock is exposed

on sections 4, 9, 1.6, 28, 27, and 34. The rock is also exposed in a similar

way in Benton township, sections 14, 23, and 26 ; also in Harris town-

ship, section 14. In the bed of the Portage the rock may be seen through

most of the township of Harris. In addition to their flood-plains, the

streams have one general terrace, or bench. The former consists of such

deposits as the freshet stage of the stream is not able to carry away. In

it are imbedded vegetable remains—leaves, branches, and trunks of trees.

The mass of the deposit is, however, a loose but homogeneous marly sand.

It is also liable to contain stones of considerable size, the result of stranded

ice in spring time. Its height along the Portage is, in Ottawa county, sel-

dom over six feet above the summer stage of the water, dependent some-

what on the obstructions to the current. The latter, or the first terrace

above the flood-plain, is simply the result of the erosion of the stream, and

shows the original condition of the Drift deposit. Its height,, owing to

the evenness of the original surface, is not apt to vary much, and is sel-

dom over twenty-five feet. The changes of the stream from one side to

the other of its flood-plain sometimes cause the union of these two ter-

races in one ; in such cases the entire bluff may be thirty feet Such

banks may be seen in the township of Harris, sections 8 and 9, and at

numerous other points.

Character of Soil and Timber.—The soil is clay, with very few superficial

stones or bowlders ; at greater depths it contains some gravel and bowl-

ders—the residue untransportable by water—which may be seen in the

beds of the streams, and which are met in wells. There are also superficial

deposits of sand, not only along the immediate beach of Lake Erie, but at

points several miles from the Lake. They are far more infrequent, how-

ever, than in Wood and Sandusky counties. This cold and tough charac-

ter of the soil, together with the difficulties of local drainage arising from

its general flatness, has impeded the settlement of the county. By the

aid, however, of the recent general drainage law, the whole county is

being rapidly subjected to an excellent system of artificial drainage,

and the soil is not only sooner relieved of the surplus of standing water

in the spring of the year, but it is brought into an arable condition as
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early as the farmer requires. Elm, cottonwood, sycamore, oak, ash,

beech, hickory, and maple, with some black walnut, are the principal

forest trees. The whole county was originally densely wooded.

GEOLOGICAL STRUCTURE.

Owing to the uniform spreading of Drift deposits, the boundaries of

the different formations can be certainly located in but few places.

There are sufficient outcrops of rock to determine the sequence of the
formations, and furnish a basis for a geological map, but the location of

their boundaries throughout the most of the county is somewhat conject-

ural.

The Niagara limestone occupies a narrow belt of country north and south
through the western part of the county, widening toward the east in the
township of Harris, its eastern boundary crossing the Portage about a
mile east of Elmore, and leaving the county in section 22 (Harris). Its

western boundary runs nearly north and south within about two miles
of the western county li'^, bending to the east at Genoa so as almost to

join the eastern boundary line. It leaves the county S. W. J, section 4
(Clay). The Niagara also forms an anticlinal axis by outcropping in
the south-eastern part of the township of Benton. It probably occupies
most of the area in the townships of Carroll, Salem, Erie, and Bay,
although no outcrops have been seen in that part of the county. The
principal exposures of the Niagara are at Genoa, in Clay township. In
addition to the natural ridges from which the Drift deposits have been
denuded so as to show the rock over considerable areas, it has been opened
in several quarries. William Habbeler has opened the Niagara to the
depth of about six feet. An opening, known as Woodbury's quarry, half
a mile north of the village, also shows six feet of the Niagara limestone.
Besides these, the quarries of Mr. Frank Holt, one mile north of Genoa,
those in the Jackson Kidge, N. W. J, section 28, and of Charles Sawyer
& Co., S. E. J, section 16, Clay township, are in the Niagara. Those
of Messrs. Newman and Ford, and of Wyman and Gregg, less than a
quarter of a mile east of the village, are in the Waterlime which over-
lies the Niagara. These quarries are all for the purpose of the manufac-
ture of quicklime, the stone not being adapted to any other use. The
Niagara here has that phase which, by the geologists of Canada, has been
named the Guelph, and is believed to constitute its highest member.
Observations made in counties further south go to show that this litho-

logical aspect of the Niagara is not horizontally continuous, but is liable

to occur at other altitudes in the formation. The rock here is loose-
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textured, often carious, yet when compact is crystalline. It is in thin

beds of about three inches, more or less lenticular, making it easy to

quarry and to get into fragments of suitable size. Yet it also sometimes

has a brecciated or concretionary structure, when large pieces of irregu-

lar shape, often cavernous and easily broken, are taken out. It has a

light buff color, and is sometimes white. When freshly quarried it may
be spotted and variously marked with purple, especially when taken

from the deeper parts of the quarry. The rough and vesicular condition

may be seen in Woodbury's quarry, also in Mr. Holt's ; the more even-

bedded in William Habbeler's. Fossils collected at Genoa have been

forwarded to the Palaeontologist of the Survey, and the reader is referred

to his report for names and descriptions.

The Salina shale immediately overlies the Niagara in Ottawa county.

Along the north shore of Sandusky Bay, in the township of Portage, it is

an earthy, dove-colored limestone, in beds of two to four inches, which,

exposed to the weather, becomes quite blue ; and being permeated with

gypsum in small, detached masses, it often crumbles. Some of the beds

are more enduring, and are, in that case, more brown than blue, weath-

ering a chocolate. The bedding is quite loose, as if some profound dis-

turbance had shattered the layers. At the Plaster Beds, owned by Mr.

George A. Marsh, of Sandusky, the Salina is exposed to the depth of

thirty feet in quarries which have been opened for gypsum.* Although

the geological relation of the rock containing the gypsum cannot be ascer-

tained by examining outcrops within Ottawa county, it is believed to

hold a place within the Salina, since neither the Niagara nor the Water-

lime is known to afford this mineral in workable quantities in other

parts of the country
;
yet the lithological features of the rock containing

it are very similar to those of the Waterlime seen in Wyandot and Allen

counties. Although it here has a thickness of at least thirty feet, at

Genoa it is reduced to less than a foot, and is seen in the form of a green

shale, which also, on weathering, turns blue and falls to pieces. It is

best seen at the bottom of the quarry of Messrs. Newman and Ford, but

is penetrated also in Wyman and Gregg's.

Over the Salina shale the Waterlime is found. This has three distinct

lithological characters within the limits of the county. It most fre-

quently occurs

—

1st. As a coarse brecciated, gray, or drab-gray, limestone, with rough,

cavernous surfaces, indistinct bedding, or massive, with no fossils. It

* About 10,000 tons of gypsum are taken, per annum from these quarries. It is

of excellent quality, and is widely sold throughout the western States.
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has this character at some points in the western part of the county, but

its typical exposure is in the the upper and central portions of the bluffs

about the south end of Put-in-Bay Island, and in the island of Gibraltar

which incloses Put-in Bay Harbor.

2d. Massive or even-bedded, coarse-grained, harsh, dirty buff lime-

stone, non-fossiliferous, magnesian and soft, very much like some parts

of the Lower Corniferous ; beds fifteen to thirty inches, sometimes with

curly bituminous films ; useful for general building, and for all walls and

abutments. This character of the Waterlime is believed to be confined,

in Ottawa county, to its lowest fifteen feet, although it probably occupies

less than that thickness. It has not been met with in actual outcrop

within the county, but it is in outcrop along the Portage, in Wood
county, in such proximity to the Niagara that its place in the formation

may be pretty nearly determined. It would probably be found within a

belt of three miles wide bordering on either side the Niagara anticlinals.

3d. The Waterlime may appear as it does in the upper part of the

quarries of Messrs. Newman and Ford, and of Wyman and Gregg, at

Genoa. It is there in beds of about three inches—though they are very

often seen at other places less than an inch—and of a drab color. The
texture is close, and the grain is fine. The bedding is subject to sudden

changes of dip, showing such local flexures as to render it quite impossi-

ble to depend on the dip seen for a guide in searching for higher or

lower members. It has been seen to vary within the distance of ten

rods so much as to change a westerly dip of twenty degrees to an easterly

dip of the same amount. Its bedding is uniformly separated by bitumin-

ous films or colored sedimentation, which often give the surfaces of the

beds a blue cast when exposed to the. weather, although the films them-

selves are at first nearly black. The surfaces of the beds are also usually

marked with a stylolitic or wavy contour. This condition of the Water-

lime is often fossiliferous.

Phase No 1 is met with only in Ottawa, Wood, and some parts of San-

dusky counties. It wholly disappears from the formation in counties

further south. Phase No. 2, while it occupies the base, or a position

near the base, of the formation in Ottawa and Wood counties, also is met

with near the top, in close proximity to the Oriskany sandstone, in San-

dusky and Seneca counties. They seem to be gradually replaced by

phase No. 3, which, with a considerable addition of bituminous matter,

is the only form of the Waterlime seen in counties further south (Wyan-

dot and Allen). No. 1 is believed to change its place stratigraphically

in the formation, or at least not to be confined to any definite limits. Its

position at Put-in-Bay Island, in the upper part of the Waterlime, cor-
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responds, in general, with that in the island of Mackinac, although it

shows at the latter place a greater thickness, and is not separated by a

belt of regularly laminated beds into two portions. Yet this tendency to

the rough and brecciated condition has been seen even in the very bottom

of the formation. In the quarry of Messrs. Newman and Ford, at Genoa,

there are irregular masses of porous and brecciated rock, which, by ce-

menting and breaking up the bedding, give the formation a massive

structure. In the bed of the Portage, in section 9 (Harris), there are sin-

gular, dome-shaped masses of rough and vesicular, or brecciated, Water-

lime, standing out six to eighteen inches above the glaciated surface, on
which the even beds (phase No. 3), which are thin, seem to have been
deposited unconformably, or are arranged concentrically about the mass.

The following downward section covers all the quarries at Genoa

:

Section at Genoa.

No. 1. Thin beds, 1 to 3inch.es, drab lfoot.

No. 2. Brecciated and carious, with cavities and fossils 6 to 12 feet.

No. 3. Green shale, weathering blue 1 foot.

No. 4. Niagara (Guelph), beds 3 to 6 inches 16 feet.

The quarries of Messrs. Newman and Ford, and of Wyman and Gregg, at

Genoa, are in the base of the Waterlime. Other quarries at the same

place are situated in the top of the Niagara.

The Waterljme underlies a strip about two miles wide north and south

along the western end of the county, and a large area in the center. It

also crosses " the Peninsula " through the townships of Rensselaer and

Danbury.

The Drift in Ottawa county has not been so carefully observed as irf

adjoining counties, yet it is believed not to be an exception to the

general view which has been taken of the Drift deposits in the Fourth

District. The banks of the Portage consist, wherever seen, of unmodi-

fied Drift. The upper six to eight feet are of a light brown color, and

the first two or three very rarely contain stones or gravel. It is, perhaps,

to some extent made up of a re-deposit of the finest parts of the hard-

pan, incident to the sifting agency of the waves and currents of Lake

Erie when it stood at a higher level ; but it is generally too gravelly to

admit of that origin, and its finest parts, if deposited in that way, can

not be separated or distinguished from those parts of the unmodified

Drift which are also very fine, and which graduate insensibly into it. In

general, also, such re-deposits by the action of Lake Erie consist of sand

with no stratification, while this fine clay is seen sometimes, as at Toledo,

to be handsomely arranged in horizontal and oblique laminations, with

alternations of very fine sandy layers.
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Below the brown hard-pan there is an unknown thickness of blue

hard-pan. This also contains gravel stones of all sizes, and often large

bowlders. In the township of Benton, along the northern division of

the Lake Shore and Michigan Southern Railroad, a number of wells,

sunk for supplying steam saw-mills with water, have penetrated this

blue hard-pan a few feet. It sometimes shows an indistinct stratifica-

tion, and in one or two wells near Genoa beds of gravel and sand were

met in this deposit, or immediately below it. In a moist state, as thrown

out of the well, it has a tough plasticity, and is known as "blue clay."

The average thickness of this deposit in the county would probably

not fall short of forty feet. Below this, and lying on the rock, there is

apt to be a stratum of water-worn gravel and sand, which lies in a very

compacted state, often cemented along its upper surface into a rock-like

layer, which offers great resistance to the drill. It is sometimes mis-

taken for the rock-bed. Below the cemented layer the sand and gravel,

when present, is from six inches to ten feet, and usually supplies water.

It is plain that the water in such wells, confined before by the impervi-

ous hard-pan above, will rise immediately with great force to a height

equal to that of its head or source, or until it encounters a way of lateral

escape through beds of sand or gravel in the hard-pan. The slope of

the surface being very gradual toward Lake Erie, such artesian wells

rise but few feet above the ground. They are found at Oak Harbor, in

Salem township, at a depth of about fifty feet, the water rising but a

few inches above the surface. Nearer Lake Erie, along the Toussaint

Creek, the water rises in such wells about seven feet above the ground.

In connection with the Drift phenomena, the occurrence of stones and

bowlders of all kinds in the vicinity of the limestone ridges must be

mentioned. They are due to the removal of the finer parts of the Drift

by the waves and currents of Lake Erie, and are left on the bare rock,

and in a belt surrounding it, because they could not be so removed.

Their place was originally in the glacial hard-pan. *

Wells and Springs.—The artesian wells of Ernest Prank, Esq., and of

Mr. George Momany, of Oak Harbor, have a distinct sulphurous taste.

A well of Mr. Messersmith, in section 22, Benton township, is very

strongly sulphureted, and the water is used only because of the difficulty

of obtaining other water. This water issues from the rock, and as such

water is known to rise from the Niagara limestone at various points in.

other counties, it is the best evidence we have, in the absence of natural

outcrops, of the presence of that formation. There are other wells in>

* See page 17 and page 60.
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the' same part of the county which, without penetrating the rock, have

similar mineral water. They, however, derive it from the gravelly sheet

which lies on the rock, the water of which must be considerably affected

by streams from the rock. Such springs and wells as depend on the

gravel or sand within the hard-pan could not be influenced by the

underlying rock. Hence they are not known to show only those mineral

characters that they can obtain in the Drift. They are sometimes cha-

lybeate, but usually show no impurities whatever.

The well of Mr. George Momany seems to be influenced by the

fluctuations of the level of Lake Erie. A westerly wind for a few days

depresses the west end of the Lake, and the rise of water in the well is

less. When a wind from the east or north-east prevails, it overflows at

greater height. This was noticed by Mr. Momany by reason of the well

ceasing to flow at certain times, owing to the outflow being within an

inch of the greatest rise. It seems, therefore, that the height to which

water will rise in artesian wells depends not altogether on the level of

their supply, but also on the facility of escape below. This point is

supposed to be about seven feet above Lake Erie, and the actual set-

back of dead-water from that obstruction could not be much above the

level of that lake. This seems to be an illustration of that principle

of hydrostatics, but little known, that an obstruction in a current, as

in a river, not only causes a certain amount of "dead-water" near it,

but also retards, by a kind of reaction, the water higher up the stream,

when the rapidity of the current is not perceptibly changed to the eye.

MATEEIAL RESOURCES.

Besides the deep and fertile soil that every where covers the county,

and furnishes the chief means of material wealth, Ottawa county is

generously supplied with other natural resources, the immediate pro-

duct of the underlying rock. The quarries in the Lower Corniferous

limestone in the eastern part of the county, known as the " Marblehead

Quarries," are highly prized for the fine blocks of a variegated stone,

suitable for the largest structures, which they produce, and which are

extensively used not only in many places in the State of Ohio, but in

neighboring States. They will be more fully noticed in the report on

that part of the county.

The shipments of gypsum from the Plaster Bed quarries of George A.

Marsh, in the township of Portage, amount to six or eight thousand tons

per annum, bringing three dollars per ton. The gypsum is of unusual

purity and whiteness, with occasional delicate cloudings. The principal

markets for agricultural purposes are in Ohio, Kentucky, Indiana, and
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Michigan. It is found in the principal cities from Buffalo to Memphis,

and from Pittsburgh to Chicago.

The facilities for lime-burning in the western part of the county can

not be surpassed. The stone, itself of the best quality, occurs in the

most favorable situations, both for purposes of quarrying and for cheap-

ness of shipment. These circumstances have made Genoa the greatest

lime-shipping point on the Lake Shore and Michigan Southern Eailroad,

the aggregate being, for the year 1870, nearly twelve thousand tons. The

lime, especially that which is burnt from the Niagara formation, is a

pure white, yet that from the Waterlime can not, by the eye alone, be

distinguished from it. The two are sold in the market indiscriminately,

bringing the same price. It is believed, however, that the Niagara will

differ from the Waterlime in being more cheaply and quickly burned,

will weigh less, bulk for bulk, will be a little whiter, will slack quicker

and with greater evolution of heat, and will set sooner. The Waterlime

is more dense, has a slight hydraulic quality—at least in many places

—

will not crack after once setting in the wall, and for plasterers' use will

be preferable in applying hard-finish, since it will afford ample time for

polishing and rubbing down.

The only brick-yard within the county, so far as known, is that owned

by Henry Moser, at Elmore.

\



CHAPTER XXXV.

REPORT ON THE GEOLOGY OP CRAWFORD COUNTY.

BY N. H. WINCHKLL.

SITUATION AND AREA.

Crawford county lies north from the center of the State, and about

midway between that point and Lake Erie. It is bounded north by

Seneca and Huron, east by Richland, south by Morrow and Marion, and
west by Wyandot, and has an area of about eleven congressional towns,

situated so as to give it nearly the form of a square. Its total area is

252,156 acres, of which 138,368 are arable, 37,074 meadow and pasture

lands, and 76,714 uncultivated or woodland. The average value, exclu-

sive of buildings, is $29.78 per acre.

NATURAL DRAINAGE.

It lies on the summit of the great watershed, embracing the headwaters

of some of the principal rivers of the State, that leave it in opposite

directions. In the north-eastern corner of the county are a few small

tributaries that join the Huron River in a northerly direction. Those

of the Scioto and Olentangy have a general south-westerly direction

until they are well off the watershed and on the southern slope. The
upper waters of the Sandusky River, including its tributaries, the Syca-

more Creek, Cass Run, and Broken Sword Creek, have a noticeable flow

south- westwardly and westerly along Jthe direction of the general water-

shed until they are outside of the limits of the county, when they reach

the greater valley of the Sandusky; then they turn nearly at right

angles north-westerly and unite with that river. The streams are gen-

erally small, yet large enough to afford, in favorable situations, ample

water-power for flouring and manufactures. The flatness of the county

generally, except in the eastern tier of towns, is unfavorable for the

production of water-powers. The rivers rarely strike the bed-rock, and

hence rarely have waterfalls or rapids that can be so utilized.
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SUBFACE FEATURES.

A general division of the county may be made into three nearly equal

belts running north and south. The most easterly of these belts may be

described as rolling and stony, with frequent gravel beds and bowlders

;

yet in the eastern portion of the townships of Vernon and Jackson the

surface is decidedly flat, even in this belt. The streams throughout this

belt have greatly increased the original unevenness of the Drift surface,

and in some cases their channels are dug, not only through the Drift, but

also into the rock, to the depth of forty or sixty feet. At the quarry of

Mr. James Morrow, section 1 (Jackson), the banks of the Sandusky have

a height of 68 feet 6 inches, abruptly rising from the water, with a fur-

ther ascent of 10 feet within a few rods. Thirty-five feet of this excava-

tion is in the Berea grit of the Waverly sandstone. Under this stone is

a shale, probably belonging to the Bedford of Dr. Newberry, which is

not bituminous.

The second, or middle, belt affords a strong contrast to the last, being

usually quite flat. It is very distinctly marked off by a series of knobs

or gravelly hills pertaining to the Drift. East of this rolling upland

the surface is apt to continue more or less broken, producing the features

already described, while toward the west the surface becomes very soon

a monotonous flat, with a tough and heavy clay soil. This distinction is

very marked in the central and southern portions of the county. In the

northern its uniformity is disturbed by the influence of a series of ridges

which intersect it ; and the whole northern portion of the second belt,

as in the vicinity of New Washington and Annapolis, is undulating,

with a gravelly clay soil. This middle belt is underlain by the black

slate and the shale beds above and below it. The streams in this mid-

dle belt, though deeply cut in the Drift, very rarely expose the under-

lying rock.

The third belt lies along the west side of the county, and is about co-

extensive with the area underlain by the upper member of the Cornifer-

ous limestone. The surface here varies from flat to undulating. In the

southern part of the county it is flat and marshy. Extensive prairies

prevail in Dallas township. But the northern portion of this belt is

more broken, and characterized by broad surface swells, or ridges, which

cross the belt obliquely.

The features of these three belts seem to be coincident with, and doubt-

less are dependent on, the nature of the underlying rock. They are all

confined to the surface deposits. If these deposits were brought about

by a uniform force, acting equally on all parts of the county, such as

submergence beneath the ocean, the character of the underlying rock



238 GEOLOGY OF OHIO.

would produce no effect on the distribution and character of the Drift,

especially in a county so level as Crawford county is. That force, what-

ever it was, must hence have been something that came some way into

contact with the rock, in order to receive different impressions from it.

As has already been remarked, the uniformity of the characters of

these belts is interrupted by a series of ridges, equally pertaining to the

Drift, which cross them in a direction north-east and south-west. A very

prominent ridge of Drift materials enters the county from Wyandot
county,* in section 1, Todd township, and runs along the north side of

the Broken Sword Creek, serving in Crawford county, as in Wyandot, as

a barrier to the westward flow of that stream to the valley of the San-

dusky, driving it far to the south-west before it is able to pass it. The
handsome farm and residence of Mr. J. A. Klink, section 6, Liberty town-

ship, are located upon it. This ridge of Drift can be traced, with some

interruptions, through north-western Ohio a distance of over a hundred

miles, when it leaves the State and enters Indiana. It has been named
the Wabash Ridge, from the Wabash River, which it diverts from its

course through a distance of more than forty miles. In Crawford county

the Drift accumulations belonging to this ridge are not always heaped up
in one ridge, but are spread out into a succession of ridges having the

same direction and made up of similar materials. This is particularly

noticeable north from Bucyrus, in the township of Chatfield. This series

of parallel ridges crosses the northern portion of Todd and Holmes town-

ships. In Cranberry township, as it enters upon the rolling tract due to

the underlying Waverly sandstone, it becomes confused, and cannot cer-

tainly be identified. It lies on the north side of the watershed of the

State, and pertains to the Lake Erie valley, yet it serves to turn the

Scioto diagonally across the watershed, and causes it to turn southward

instead of northward. In the same way it diverts the Wabash from the

Lake Erie valley, and compels its waters to reach the ocean through the

Mississippi valley instead of the St. Lawrence.

Soil and Timber.—The soil of Crawford county varies, of course, accord-

ing to the prevalence of one or the other of the foregoing varieties of sur-

face. In the eastern belt it is gravelly, with some patches of tough clay.

In the central belt it is generally clayey, and needs artificial drainage.

In the western belt it is a clayey soil, but shows more gravel than in the

central. The soil of the ridges above described is sufficiently gravelly,

and the surface is sufficiently sloping, to admit of perfect natural drain-

age. The prairie patches, situated in different parts of the county, are

* See Geology of Wyandot County.
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sometimes untillable by reason of poor drainage. The soil is here made

up largely of organic matters in process of decay. The county originally

was mostly covered with a deciduous forest. The prairies, even, in Dal-

las and Whetstone townships, have some small oaks and hickories scat-

tered through them on knolls of coarser Drift that rise above the com-

mon flat.

The following varieties of timber were observed in traveling over the

county. This list can not be regarded as complete, but embraces the

most prominent varieties

:

Qak—Quercus alba (White Oak) L.

" palustris (Pin Oak) DuRoi.
" Tricolor (Swamp White Oak) Willd.

" Castanea (Chestnut Oak) Willd.

" prinoides (Chinquapin) Willd.

" rubra (Bed Oak) L.

Beech—Fagus ferruginea...:. Ait.

Sugar Maple—Acer saccharinum , Wang.

Cottonwood—Populus monilifera Ait.

Elm—Ulmus Americana Willd.

Black Cheery—Prunus serotina Ehr.

Butternut—Juglans cinerea L.

Black Walnut—Juglans nigra L.

Shagbark Hickory—Carya alba Nutl. .

Tulip Tree—Liriodendron tulipifera L.

Pepperidge—Nyssa multiflora Wang.

Buckeye—iEsculus glabra'. Willd.

White Ash—Fraxinus Americana L.

Swamp Maple—Acer rubrum L.

Sassafras—Sassafras officinale Nees.

Basswood—Tilia Americana L.

Sycamore—Platanus occidentalis L.

Ironwood—Ostrya Virginica Willd.

Blue Beech—Carpinus Americana Michx.

Honey Locust—Gleditschia triacanthos L.

Aspen—Populus tremuloides Michx.

Willow—Salix nigra (tree a foot in diameter ; wet places ; leaf small,

. lance-linear) Marsh.

Chestnut—Castanea vesca (in Auburn township, Sec. 10, and spar-
"-'

ingly at Leesville and Galion) L.

Thorn—Crataegus coccinea L.

GEOLOGICAL STRUCTURE.

The strike of the formations is north and south across the county, the

dip being toward the east. The rocks of . the county pertain to the
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Devonian and Carboniferous ages, and may be enumerated as follows, in

descending order :

Approximate
thickness.

Cuyahoga shale and sandstone 50 feet.

Bereagrit 35 "

Bedford shale 20 "

Cleveland shale 50 "

Erie shale 30 "

Huron shale 200 "

Olentangy shale 30 "

Upper Corniferous (Tully and Hamilton limestones) 35 "

Lower Corniferous (Corniferous and Onondaga limestones) 75 "

Total approximate thickness 525 "

Of these the first five belong to the Carboniferous, the remainder to the

Devonian.*

The Cuyahoga Shale and Sandstone.—This shale further north, and

especially at Cleveland, has a very great development, reaching there the

thickness of one hundred and fifty feet. In Crawford county it has not

been certainly identified in outcrop, but most probably ^underlies the fiat

land in the eastern part of Vernon, Jackson, and Polk tdwnships. It is

met with in Morrow county, where the arenaceous character becomes so

strong that it is often quarried for building. Further south it is proba-

bly the equivalent of the ." Logan sandstone," one of the members of the

Waverly group.

The Berea Grit.—This is the most important member of the Waverly

group. Its line of outcrop is marked by a series of quarries which crosses

the eastern tier of townships, the most important of which are located

in Jackson and Polk townships. Beginning in Auburn township, the

most northerly outcrop of the Berea within Crawford county is in S. W. \,

section 28, where it is found along a little creek on Samuel Hilborn's

land, and at the highway bridge. It also occurs near DeKalb, in Vernon

township, on Mr. James Coruther's land. Slight exposures occur also

S. W. J, section 19, along a little creek on land of Barnet Cole and Adam
Freeze. It may also be seen on the land of James Campbell and Jacob

Myers. In section 36 (Sandusky), it is exposed in a ravine on the farms

of David Wirtz and Fred. Beech. In Jackson township, N. E. \, sec-

tion 1, is James Morrow's quarry.

Section at Jambs Morrow's Quarry, Section 1, Jackson Township.
Ft. In.

No. 1. Thin-hedded sandstone 8

No. 2. Heavy-bedded sandstone 27

No. 3. Shale (Bedford and Cleveland), not well seen 33 6

Total thickness.... 68 6

* Dr. Newberry.
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This quarry is one of the oldest in the county. The quarries at Lees-

ville are about a mile north of the railroad station, and in the bluffs of

the Sandusky. Those of Mr. John Bippus have been constantly worked

for thirty or forty years. Others at Leesville are owned by John Haller

and John Newman. Mr. J. "W. Shumaker has also recently opened a

quarry on his land.

Mr. Bippus's quarry, near the highway bridge at Leesville, is on the

same horizon as that of Mr. James Morrow. The exposure is somewhat

less, and as follows, in descending order :

Section at John Bippus's Quakky, Leesville.

No. 1. Thin beds, or flags, 1 to 3 inches 10 feet.

" 2. Heavy-bedded sandstone 16 "

Slight dip east.

Mr. Haller's has about twelve feet exposed. The upper six feet are in

beds of six to eight inches. The rest is like the upper part of Bippus's,

and on the same horizon.

Mr. Newman's quarry is in stone about the same as Bippus's, without

exposing the heavy beds.

In Polk township (S. E. \ section 2) Mr. Thomas Park's quarry is

located just at the point where the river, the fwo railroads, and the high-

way all cross each other. The exposed section here is as follows

:

Section at Thomas Pake's Quakry, in Polk Township.

No. 1. Hard-pan Drift 12 to 15 feet.

" 2. Thin, loose beds of sandstone 15 "

" 3. Thick beds of sandstone 12 "

" 4. Blue shale, seen 10 inches.

The quarry of Mr. Asa Hosford is situated N. W. £ section 1, in Polk

township, and shows about twenty-five feet of sandstone on the same
horizon as Mr. Park's. Below the sandstone Mr. Park encounters, ac-

cording to his description, a loose, sandy bed, of a few feet in thickness

and blue color, before reaching the Bedford shale.

None of the quarries in the Berea in Crawford county show a conglom-

eratic or even a coarse-grained composition. The stone is rather a homo-

geneous and moderately fine-grained sandstone. Its thickness seems to

be no more than thirty-five or forty feet. It graduates upward into a

shaly and thin-bedded sandstone, that probably belongs to the Cuyahoga

division of the Waverly.

The Bedford Shale.—At Elyria, and further east, as in Cuyahoga coun-

ty, the Berea grit is underlain by a copper-colored and bluish shale, the

colors of which vary in their positions. At Elyria the copper-colored or

16
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red shale lies first under the sandstone, which seems to be considerably

tilted from the horizontal position by upward protrusions of the shale.

The same phenomenon may be seen at Leesville, although there the hori-

zontality of the sandstone is not disturbed, and the color is gray, or light

blue, weathering to an ashen blue. This shale may be seen a few rods

.above Mr. Bippus's quarry, on the left bank of the Sandusky, exposing

about fourteen feet. The shale appears to protrude upward. The exact

manner of superposition of the sandstone cannot be seen, but, judging

;from the horizontality of the sandstone beds, where they reappear a few

rods higher up the river, and also on the other bank, nearly opposite,

the shale looks like an isolated or lenticular mass—at least, that its

upper side is unconformable with the sandstone beds.

The thickness of this shale cannot be stated. Its identity with the

.Bedford is also somewhat doubtful, although its horizon is exactly that

Mf .the Bedford. This fact, taken in connection with the occurrence of red

©hale below the stone at Mr. Morrow's quarry, section 1, Jackson, is

strong presumptive evidence of the continuance of the Bedford as far at

least as Crawford county. It is not known to afford any fossils in Craw-

ford county. It is also slightly exposed in the creek, N. E. J section 2,

in Polk township, near the highway bridge.

The Cleveland Sliale.—The identification of this member of the Waverly

group is not so satisfactory as desirable. Yet there are two exposures of

a black, or purplish-black, shale in the county, that cannot, apparently,

be referred to the great black slate of the Devonian. At Mr. James Mor-

row's quarry the sandstone is underlain by thirty-three and one-half feet

of shale. Near the bottom of the sandstone this shale is red. In the bed

of the river, thirty feet lower, it is a bluish black. It. is supposed that

about twenty feet of this belongs to the Bedford, and the remainder to

the Cleveland, although the junction of the two has not been seen.

Similar shale is exposed on the farm of Mrs. Steinbach, S. E. J section

12, Jackson, in the bank of the Sandusky. When it is wet it is black,

but when dry it becomes slate-colored. It crumbles under the weather

into pieces no larger than an inch across, and usually less than half an

inch, and a quarter of an inch or less in thickness. It shows here a very

slight dip east, and is exposed to the amount of twenty feet. This must

be slightly below the horizon, exposed in the river at Mr. Morrow's,

and will give as the observed thickness of the Cleveland in the county

about thirty-three feet. Careful search for fossils in the outcrop on Mrs.

Steinbach's farm afforded none.

The Erie Shale.—Below the Cleveland shale there is a considerable

thickness of gray shale, reaching four or five hundred feet in Cuyahoga
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county. It has been named the Erie shale by Dr. Newberry. Although

this shale has not been observed in outcrop at but one place in the coun-

ty, it is believed to occupy a belt of fiat land intervening between the

outcropping edge of the Cleveland shale and that of the black slate. It

was struck in a well at twenty-eight feet, by Mr John Shumaker, N. E. J
section 26, Polk. Pieces thrown out of this well have a somewhat firm

and rock-like aspect. It glitters in the sun as if with minute scales of

mica, and is specked as if with coal.

The Huron Shale.—This conspicuous formation occupies a belt about

six or eight miles wide, running north and south across the center of the

county. The city of Bucyrus is just within its western edge. It under-

lies portions of Chatfield and Cranberry, and all of Liberty and Whet-

stone townships. Although it may be called a conspicuous geological

horizon, yet not an exposure of it is known to occur in Crawford county.

It is met with sometimes within the area mentioned, in drilling wells,

and its presence is then evinced by the offensive odor of the water ob-

tained, or by the escape of inflammable gas. In general, wherever the

Huron shale underlies the Drift, there is a belt of sulphur springs and

gas wells. Such sulphur springs occur at Annapolis and in the vicinity

of New Washington. At the latter place wells dug to the rock emitted

a gas, which accidentally took fire and caused considerable alarm by the

violence of the flame. They were immediately filled by the owners. On
Joseph Kniseley's land, section 26, Sandusky township, is an unusual

assemblage of natural gas springs. The gas accompanies the rising

water, and iss sufficient to serve for illumination, for which it was used

for some years. A funnel placed over one of these springs so as to con-

fine the gas, supported a flame continuously for two years.

Olentangy Shale.—Below the Huron shale, which is black, tough, and

bituminous, is a thickness of about thirty feet of a bluish and more sec-

tile shale, containing less bituminous matter. It sometimes is inter-

"stratified through its whole perpendicular extent with bituminous beds,

like those of the Huron shale. It has afforded no fossils, but holds occa-

sional thin beds of impure blue limestone. It lies on the top of the blue

limestone quarried in the western part of the county. It is not visible

in Crawford county, but is favorably exposed in Marion and Delaware

counties along the Olentangy Creek.* On the geological map of the

county it is named " Hamilton group " by Dr. Newberry.

Corniferous Limestone.—This name has been applied to the limestones

intervening between the foregoing shales and the Oriskany sandstone

* See Geology of Delaware County.
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that forms the base of the Devonian. It is distinctly divisible, on palas-

ontological and lithological differences, into two parts, the upper part em-

bracing the "blue limestone," which shows some relations to the Hamil-

ton, and the lower part embracing the lighter-colored arid dolomitic

limestones of the Upper Helderberg of the Mississippi basin. They are

both well represented and favorably exposed in the western part of

Crawford county. The former is about thirty-five feet thick, and is ex-

' tensively wrought at Delaware and Sandusky. The latter is quarried at

Marblehead, on the peninsula north of Sandusky, and at Columbus, in

Franklin county, and is about seventy-five feet thick.*

In Crawford county the exposures of the limestones are mostly con^

fined to the Broken Sword Creek. Beginning in section 18, Holmes

township, the Upper Corniferous appears first on the land of S. F. Saw-

yer, where it has been worked a little. It makes a floor-like bed to the

creek, rising but few inches above the water along the banks. Beds are

three to five inches thick, containing Strophomena rhomboidalis, Wahlenb.,

and numerous crinoidal stems. Mr. C. K. Stephens's quarry is on the

next "eighty," toward the south. About four feet of hard, blue lime-

stone can here be made out, although much of the quarry is subject to

inundation by the creek, showing a decided dip to the north-east. The

stone is in beds of about four inches, varying below that thickness,

' making a good flagstone. Some of it is harsh on weathering, although

plainly argillaceous and sometimes with vermicular or fucoidal mark-

ings. It is also liable to be shaly, or slaty, irregularly. Lenticular

flakes cleave off. It has distinct purely calcareous bands of sedimenta-

tion. It contains Cyrtia Hamiltonensis and a species of Tentaculites. It

also holds casts of large coiled cephalopods. Its general facies is that of

a firm limestone, nearly free from magnesia, but containing irony, bitu-

minous, and argillaceous impurities. The next quarry in descending the

stream is that of Christian Reiff, in beds of the Upper Corniferous, stone

undistinguishable from the foregoing. The quarry of Mr. Perry Wilson

is opposite that of Nicholas Poole, on the S- E. \ section 24. The stone

here is the same essentially as that at Stephens's, but is undoubtedly in

a lower horizon, exposed six or eight feet. The Bucyrus corporation

owns a quarry here in the same beds of the Upper Corniferous.

The Upper Corniferous also occurs on Mr. Edward Cooper's land, N. W. \
section 33, in Liberty township. It is but little opened and cannot be

seen in situ, although there is no doubt of its being so. The pieces that

have been taken out are thin and fossiliferous, Spirifer mucronatus being

* See Geology of Delaware County.
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the most noticeable fossil. Although, the stone, so far as explored, here

appears rather slaty, it would probably become thicker and very useful

for common building on reaching the undisturbed bedding. The situa-

tion of this outcrop demonstrates either a wide detour westward of

the boundary line separating the geographical areas of the Corniferous

and overlying shale, or an isolated area of Corniferous surrounded by

the shale, since it is sufficiently certain that the black slate underlies

the city of Bucyrus. On the other hand, the Bucyrus area of black slate

may be an outlier only, surrounded on all sides by the underlying lime-

stone. Besides the places above mentioned, there are many indications of

the occurrence of the Upper Corniferous in the bank of the Sandusky, on

the S. E. £ section 24, in Dallas township, on the land of Mr. McNeal.

A little below Mr. McNeal's, in the same section, flat stone, answering to

the Upper Corniferous, was taken out of the bed of the Sandusky in

small quantities, about twelve years since, on land now owned by Mr.

James Echa'rt.

The Lower Corniferous is also exposed in the Broken Sword Creek,

and at Benton, in the Sycamore Creek. At the latter place it is worked

a little by Mr. Benjamin Kuntzman and Mr. Martin Stoertzer. It may
be seen more or less in the bed of the creek between Benton and the

county line. Throughout this distance the exposures are so meager,

owing to the prevalence of the Drift, that the rock cannot be seen except

where the water actually runs, and no reliable section can be obtained.

It is a coarse-grained, dirty, fossiliferous, and magnesian limestone, with

considerable bituminous matter, in beds varying from six to twenty

inches in thickness, suitable for abutments and heavy walls. Near

Oceola the Lower Corniferous is considerably exposed, and is quarried for

general building stone and for quicklime. The following quarries are in

the Lower Corniferous at this place, viz., those of John Schnavely, David

Schnavely, widow Schnavely, Luther M. Myers, Dennis Coder, Gotleib

Doerer, and Joseph B. Christie. Of these, John Schnavely's and Mrs.

Schnavely's are in the upper portion of the Lower Corniferous, the princi-

pal fossils of which are brachiopods. The stone is light-colored and crys-

talline, appearing somewhat saccharoidal, in beds of about three inches.

The lime made is nearly white, but slightly creamy. The quarries of

Messrs. Myers, Coder, Doerer, and Christie are in lower beds. The stone

of these quarries, when fossiliferous, is characterized by a profusion of

corals, with very few brachiopods. It is bituminous and also magnesian,

harsh to the touch, appearing often much like a sandstone. It is a much
darker colored stone than that of Schnavely's quarry, but the lime made

'from it is equally white. Large portions of the stone are perfectlj' free
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from bituminous impurities. Such are especially the compact coral masses,

which make a purely white lime. The genera Stromatopora, Coenostroma,

and Cyathophyllum are most common. Cystiphyllum can also be distin-

guished in the rock, as well as Favosites. There is also a coralline form which

shows no evident structure, but seems to consist of a series of concentric

waves on a rock surface, spreading over a diameter of a foot or two. At
Mr. Myers's quarry these corals are especially displayed, making the stone

very irregular both as to color and bedding. Although the thickness of

the beds is usually from two to four inches, they are quite loose and often

lenticular. Thick films and scales of black bituminous matter spread

through it, giving rise to various local designations for the different por-

tions of the quarry. In some places the bituminous matter is evenly dis-

seminated through the beds, making the whole appear darker, even to a

brown ; in others it is gathered into scales, films, and pockets, which, com-

bined with the occurrence of the different corals, produces a very uneven

and unattractive stone.

The Drift.—This deposit in Crawford county received special attention

during the progress of the Survey. I presents the usual characters of

a glacier deposit. Its most common aspect is that of a gravelly clay, else-

where designated hard-pan. This clay not only embraces gravel stones,

but also bowlders of all sizes, and has an average thickness of thirty

to fifty feet. Along streams, and in all valleys of erosion even where

no streams now exist, the bowlders belonging in this hard-pan are made
to appear superficial by the removal by running water of the clayey

ingredients. Occasional exposures of the Drift in fresh sections reveal

not only a confused mingling of clay, stones, and bowlders, but also in

some places an oblique stratification and perfect assortment of gravel

and sand. Such stratified beds pertain, for the most part, to the upper

portion of the Drift, and specially prevail in the eastern or sandstone

district. They give rise to springs of ferriferous water, and furnish that

of a great many wells. In counties bordering the lake shore this hard-

pan is frequently overlain by a fine clay arranged in horizontal lamina-

tions, but that form of the Drift is not met with in Crawford county. At

the bottom of the hard-pan, and separating it from the bed-rock, there is

very often a water-bearing layer of gravel and sand.

As has already been remarked under the head of Surface Features, the

Drift of Crawford county lies in ridges crossing the northern and central

portions of the county. These are believed to be due to the temporary

halting of the margin of the ice-field when it occupied successively those

positions. These ridges are all situated so near each other, and some-

times become so involved with each other, that they seem to pertain to
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one system, or to one greater moraine ridge. Indeed, they are not gen-

erally separable, but are heaped together in one ridge, that which lies

along the noHh-west side of the Broken Sword Creek.

The color of the Drift is blue, except where it is oxidized or stained by
iron. The blue color may be seen in railroad cuts, as on sections 4 and 3,

Vernon and near New Washington, but generally it is replaced by a yel-

lowish-brown, or rarely by a reddish or irony-brown, as in the north-

eastern part of Auburn township, to the depth of about fifteen feet, de-

pending on its porosity or facility for absorbing water and air. No gla-

cial marks have been seen in the county.

At Leesville, in the southern part of section 7, Jackson, is a long and

prominent ridge of gravel, popularly denominated a " hog's-back." The
gravel ridge has been in use for fourteen years, during which time thou-

sands of car loads' have been taken away for the Pittsburgh, Fort Wayne
and Chicago Railroad, but the part which still remains rises forty feet

above the surrounding level. A former spur from this, known as the

"Cleveland Hill," rose twenty feet higher, but it has been entirely removed.

This gravel ridge is a little over half a mile long, and runs nearly north

and south, or a trifle east of south. The "Cleveland Hill " tended more

easterly along the southern extremity. The main ridge lies on the ob-

served line of superposition of the Berea grit over the Bedford shale. The
soft shale is in outcrop along the banks of the Sandusky River, on section 12,

within a quarter of a mile of the ridge, and the sandstone is extensively

wrought about half a mile east of the ridge. This ridge is not bordered

on both sides by low, swampy belts, as several others have been observed

to be, at least it is not on the eastern side. On the west side there is

more low ground, but the Sandusky River and a ravine tributary to it

have somewhat broken up its original surroundings in that respect.

The country about is flat, or nearly so, and the drift is made up of the

common hard-pan clay. The gravel of the ridge embraces a great many
bowlders about the size of eighteen inches in diameter, some also much
larger. This conjunction of a gravel ridge pertaining to the Drift with

the line of outcrop of two formations, the one hard and the other soft, is

not an uncommon occurrence in north-western Ohio. They are men-

tioned under the head of Drift, in the reports on Auglaize, Hardin, Allen,

Morrow, and Delaware counties, and seem to the writer to bear an inti-

mate relation to the cause of that deposit. They indicate that whatever

that cause was, it was susceptible of being influenced by the character

of the underlying rock.

The skeleton of a mastodon was exhumed near Bucyrus many years

ago. It was nearly perfect, and was imbedded in the muck and marl of



248 GEOLOGY OF OHIO.

a swamp. It is described in the report for 1839 of the former Geological

Board. What remains of it is now in possession of the Ohio Agricultural

and Mechanical College.

Wells and Springs.—The following list of wells will give some idea both

of the thickness of the Drift deposit and of the quality of water found

in different par^ts of the county :

Wells and Springs.

Owner's name.

Luther M. Myers ,

Luther M. Myers ...

George Heiby

.

Alcorn House ....

Rudolph Heiply

.

Paul Miller
Catholic Church..
Jacob Stoutenour
Jacob Stoutenour ...

* John A. Sheetz.,

* Abram Guiss..

Jacob Hofsaetz.

Wensel Mor
William Lahman
Jacob Bender

Louis Weller .

John Warner

.

Public pump .

J. A. Klink....

A. V. Moffit.

Philip Moffit ...

George Haupt.

Jacob Miller...:

T.H.B Clutter,M.D
John Hahn

Location.

z*4

'

N.W. i sec. 25,

Todd

Sec. 14, Liberty

Bucyrus
N. Washington

W. J sec. 14,
Cranberry

Waynesburg...

N. E. i sec. 5,

Vernon

W. Liberty

.

Sec. 6, Liberty

Sec. 31, Chat-
field

Sec. 19, Chat-
field

N. Washington
Leesville

22

40

28
18

34
65
15

14*

30
30

21

>¥

22

10

40

28

18

34
65

15

14J

30
30

21

Through
what,

Gravel, sand,
and blue clay

All coarse gra-

vel

Clay, then
hard-pan

To the rock
Brown loam
and sand

Blue clay .

Clay.

Brown and
blue clay

Clay and gra-

vel

Clay, sand,
and gravel..

Stony clay

.

Remarks.

Good water. Well sit-

uated 13 rods N.W.
of the creek.

Good water. Well in
creek bottoms.

Good water.
Sulphurous water.

Good water.

Gas ; filled again.

Gas and water ; filled

again.

Good water in
vel.

Good water.

gra-

Artesian.
Slightly sulphurous.
Slightly irony ; on
the ridge.

In gravel.

Slightly irony.

Slightly sulphurous.

' * These gas wells burned with violence, throwing a flame ten or fifteen feet above

the surface of the ground.
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Wells and Springs.

Owner's name. Location. « It .s

ic o
cp p

5
ft

o
H

Through
what.

Remarks.

J. H. Brokan 6

14

47

38

15
43
19

28

17

14

23
14

47

38

15
43
19

42

Slightly sulphurous.
Sulphurous.

Sec. 30, Bucy-
rus

Samuel Stuck
Clay and gra-

N. E. i sec. 26,Widow Bishop

Clay and sand Not' good for cook-
ing ; makes food bit-

ter ; cannot be used
for coffee or tea.

Good water.
N. Winchester

a

N.E.Jsec.26,
Polk

Clay and sand
J. Hainla

Jno. J. Shumaker...
Stuck's.

Slightly sulphurous.

MATERIAL RESOURCES.

The chief natural resources of the county are those derived directly

from the soil. Agriculture is the principal occupation of the people,

and will always remain so. Crawford county lies mostly on the northern

side of the watershed, and hence its surface, soil, and features partake

of those characteristics so conspicuous in the lake counties, and so well

known for their uniform fertility and strength. The following summary
of the agricultural statistics of the county is gleaned from the reports

of the State Board of Agriculture for 1869 and 1870. These may be con-

sidered direct products of the soil

:

Acres sown. Bush, produced. Bush, per acre.

Wheat 21,742

Rye 181

Buckwheat 175

Corn 24,811

Barley 627

Oats 14,679

Potatoes 1,247

Sweet potatoes , 15

Acres.

Meadow 15,383

* Clover , 9,593

Flax 528

Pasturage 32,875

Uncultivated land 53,215

Orchards 4,159

254,945 11.6

1,744 9.8

2j480 14

1,004,675 40.5

10,708 17.2

477,409 32.4

76,947 61.7

804 53.6

Tons of hay. Bush, of seed.

19,673

12,687 16 997

4,300

* 284 acres of clover were plowed under.
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Gallons of
sirup or wine.

Pounds,

259 8 699

229,012

1,225

397

110

7.372 29

Bushels.

Maple sugar

Grapes •.

Apples

Peaches

Pears

Tobacco

Sorghum

There are various other indirect products of the soil, such as farm

stock and products of the dairy. These need not be here enumerated.

In 1870 the taxable lands of the county were ascertained to be 252,156

acres. Of this sum 138,368 acres were arable, 37,074 acres were meadow
or pasture lands, and 76,714 acres were uncultivated or wood land. The
average product of wheat per acre for the whole State of Ohio for 1870

was 11.4 bushels, or two-tenths of a bushel less than the average for

Crawford county. The average of the same for rye was 9.4 bushels, or

two tenths of a bushel less than the average for Crawford county. The
average product of buckwheat in 1870 in the State was 11.8 bushels per

acre, or 2.2 bushels less than the same average in Crawford county. The

average product of corn per acre for the State in 1870 was 37.5 bushels.

The same average for Crawfoad county was 40.5 bushels, or three bushels

per acre more than the average product of the State. The average pro-

duct per acre of barley in the State in 1870 was 19 bushels, or one bushel

and eight-tenths more than the same average for Crawford county. The

average product of oats per acre in the State was 27 bushels, or 5.4 bush-

els less than the same average in Crawford county. The same average

for potatoes was 69.6 bushels, or 7.9 bushels more than in Crawford

county. The average product of sweet potatoes for the State was 112.4

bushels per acre, which was 58.8 bushels more than the same average

for Crawford county. Thus in every respect Crawford county exceeds

the average product of the State in the important farm products; except

in barley and potatoes.

Averages fob 1868 and 1869.

Wheat. Eye.
Buck-
wheat.

Oats. Barley. Corn.
Pota-
toes.

Sweet
pota-
toes.

State average—
1868 11.3

11.4

13.8

19.1

9.3

11.3

11.6

13.6

10.9

7.5

10.1

8.3

23.9

29.1

21.4

31.6

20.3

25.4

19.8

17.2

34.3

26.8

33.2

20.8

72.2

85.4

71.9

81.9

70.3

1869 66.1

County av'age

—

1868 56.7

1869 103.3
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Crawford county is also well supplied with building stone and with

limestone for quicklime. The quarries in the townships of Holmes and

Todd not only furnish stone for building throughout a wide circuit of

country, but also produce a large quantity of quicklime, which is ship-

ped from Nevada, in Wyandot county, by the Pittsburgh, Fort Wayne
and Chicago Railroad.

The following proximate statements of the annual product of these

quarries in quicklime were obtained from the owners in 1871

:

Bushels.

J. B. Christie , 20,000

Dennis Coder 4,000

Luther M. Myers 15,750

Mary Schnavely
f
4,000

Schnavely Brothers 6,000

John Schnavely ;. 20,000

Nicholas Poole 10,000

Perry Wilson 20,000

The retail price on the ground is 20 cents per bushel. It is delivered

in quantity (wholesale) at Nevada for 18 cents. If the aggregate pro-

duction sells for 18 cents, the revenue amounts to about $18,000 per year.

All the kilns used at Oceola.are of the old style, requiring to be emptied

entirely before second use. By this method there is a loss of wood and

of labor. The following tabular view shows the amount of wood required

per hundred bushels at some of the quarries, and the weight of the lime

per bushel, as nearly as can be ascertained

:

Name. Formation.
Hours of

burning.
Cords per
100 bushels.

Pays for

wood.
Weight
per bu.

Perry Wilson
John Schnavely...
Luther M. Myers..

Upper Corniferbus ...

Lower Corniferous ...

Lower Corniferous ...

60
60
60

Nearly 3 ...

" 3 ...

"
2J...

1.75

1.75

1.75

*65

65

In the south-eastern part of the county the quarries in the Berea grit

have been wrought for about forty years, and have become celebrated

throughout a wide extent of country for the excellence of the building

stone which they afford. Stone from Berea is, on close comparison, seen

to be of a coarser grain and. less firm than that taken from beds of the

same horizon in the central counties of the State. The limestone sold

at the quarries in the western part of the county brings about a dollar

• Reaches 70 pounds when about'half slacked.
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per perch, or five dollars per cord. The sandstone taken out in the east-

ern part of the county brings a better price. The best sells for $2 per

perch. Other grades bring $1.50 and $1. A cheaper quality is sold for

fifty cents per load. Flagging sells from six to twenty cents per square

foot ; a thin kind of walling stone for fifty cents per load.

For brick, and common red pottery the Drift clays are considerably'

used. These clays afford in all places a very fine material for these

uses. There is probably not a square mile within the county where

such clay could not be obtained. In the progress of the survey of the

county the following establishments of this kind were noted. This list

may not be complete :

t
Bkick and Potteky Works.

A. Gronerberger, Bucyrus—Brick. Situated in the creek bottoms. The material

here used is a clay-loam, and contains no gravel. The brick, which are of a dark red

color, show no evidence of lime when broken.

William Sitter, New Washington—Brick.

Joseph Schell,
" —Pottery.

Jacob Green, section 34 (?), Chatfield—Brick.

Betan, section 1 (?), Liberty—Tile.

Matthias Haiser, Crestline—Brick.

John Willerton, " —Tile and brick.

Daniel Baslinger, Bucyrus—Brick.

Bryant & Smith, " "

William Pail, Galion—Brick.

Leopold Wiltendollar, Galion—Brick.

John Cronowelt, " "

" section 18, Whetstone—Tile.

The eastern portion of the county, especially the rolling strip of land

that characterizes the line of junction between the Berea grit and the

Bedford shale, is well supplied with gravel and sand. These knolls are

largely made up of stratified gravel and sand mingled with northern

bowlders. One of the oldest grayel pits in the county is that near the

depot at Leesville. From it thousands of car-loads have been taken for

use on the Pittsburgh, Fort Wayne and Chicago Railroad. It affords also

a great many northern bowlders of all sizes, averaging about eighteen

inches in diameter. This gravel ridge has already been referred to under

the head of Drift. Several deposits of gravel and sand w.ere also noted

in the flat and more clayey portions of the county; but here they are

much more rare, and also more valuable. One occurs on Mr. Nathan

Cooper's land, in the bank of the Sandusky River, S. W. J section 32,

Liberty.







CHAPTER XXXVI.

REPORT ON THE GEOLOGY OF MORROW COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

Morrow county is situated very near, but a little north, of the center

of the State, and was among the first settled, the first inhabitants coming

largely from the New England States, and from New York and Pennsyl-

vania. It is bounded on the north by Crawford and Richland counties,

east by Richland and Knox, south by Knox and Delaware, and west by

Delaware and Marion. Its form is nearly that of a rectangle, lying

north and south. Its western boundary is broken by its wanting a town

in the north-west corner, and by its inclosing Westfield in the south-west

corner. Its area, given by the State Board of Equalization in 1870, is

.253,149 acres, of which 83,698 acres are arable, 91,045 acres are meadow
and pasture land, and 78,406 acres are uncultivated or wood land. The
average value, exclusive of buildings, is $30.40 per acre.

NATURAL DRAINAGE.

The most of the drainage of the county is into the Scioto river. Its east-

ern portions are drained into the Muskingum
;
yet the Sandusky, which

flows into Lake Erie, has some of its sources in the township of North

Bloomfield, in the northern portion of the c6unty. The streams are not

large, but are ample for most purposes in an agricultural community.

Many flouring mills exist in the county, the motive power being

hydraulic.

SURFACE FEATURES.

The undulations in the rocky structure are usually very gentle, even

imperceptible, through the Drift sheet. Hence the general surface was
originally nearly flat. The unevenness that now prevails in some parts

of the county is mainly due to subsequent causes, and can be referred to

the known effect of atmospheric forces. The eastern half of the county

is decidedly rolling, and even hilly ; the western half is more level. The
Drift was at first deposited with unequal thickness, whatever may have

been the condition of the pre-existing surfaces. In the valleys of those

streams that flow toward the east, in the eastern part of the county, there
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are unmistakable evidences of a previous erosion of the rock surface, but

in the western part of the county no such indications have been seen.

Besides occasional irregularities in the surface of the bedded rocks, the

manner of the deposition of the Drift was such as to leave very noticeable

differences in its condition and thickness in different parts of the county.

In the sandstone region, and especially where the Berea grit forms a line

of junction with the underlying shale, the Drift is coarse and stony, and

the surface is broken. Frequent springs of ferriferous water issue from

the hillsides, which seem to be very gravelly. The channels of the

streams are deeply cut into the bed rock—plainly beyond the power of

the present volume of water—and the valleys are marked by large bowl-

ders. Such bowlders are found in the valleys in all parts of the county,

but are much more noticeable in the sandstone district. Near South

Woodbury, in the creek bottoms (lot 10), is a bowlder of fine-grained

syenite, the extreme dimensions of which are nine feet by seven and a

half feet, showing four and a half feet above the ground. In this bowl-

der hornblende predominates, and the feldspar is flesh-colored, quartz

being scarce, giving a rather dark color to the whole. In the western

part of the county, however, where the surface is underlain by shale or

by the black slate, the Drift is more evenly spread, and the country is

flat. The streams have (in very much the same manner, though not to

the same extent) cut their channels into the bed rock, but they are fewer

in number, and have a less average descent to the mile. The water of

wells and natural springs is apt to be sulphurous, and bubbles and ets of

gas are very often met with. In some marshy places an inflammable

gas rises spontaneously, though this is not known to be the same as that

which rises from the shale below the Drift. The surface is clayey, and

the soil needs artificial drainage.

The following observations for altitude, by aneroid barometer, are re-

ferred to the level of Lake Erie through Mt. Gilead Station, the height

of which is given at 466 feet by the Cleveland, Columbus, and Cincin-

nati Railroad
Above Above

Lake Erie. the Ocean.

Mt. Gilead Station 466 feet. 1031 feet.

Sill of National House, Mt. Gf./ad 516 " 1081 "

Creek at the mill, Mt. Gilead 391 " 956 "

Creek at south bridge, Jit. Gilead 356? " 921? "

Summit of ridge 1J miles north of Franklin Center,

section 7, Franklin 625 " 1190 "

Summit of ridge, Franklin Center 599 " 1164 "

Chesterville, M ain stre'et 320 " 885 "

Chesterville, bed of creek 286 " 851 "

Bloomfleld Cemetery, N. W. \ section 17 576 "
. 1141 "



MORROW COUNTY. 255

Thus, in the eastern part of the county, where the sandstone beds lie

nearly horizontal wherever exposed, there are short undulations in the

natural surface of over three hundred feet, and that, too, without any ex-

posure of the rock. It is altogether improbable that the Drift has that

thickness. It is more reasonable to suppose that the rocks themselves

suffered erosion, and embraced valleys running according to the direction

of drainage before the deposit of the Drift.

Soil and Timber.—The soil of the county presents great diversity. The
flat portions of the county have a heavy clay soil. The sandstone dis-

trict, and the belt of rolling land that marks the junction of the Berea

grit with the Bedford shale, have a lighter and more porous soil. Stones

and gravel are almost never seen in the western part of the county, but

in the eastern the plow turns them up constantly. The timber varies

noticeably with the change in the soil. Probably one-half of the native

forest trees in the county are beech, while another quarter is made up of

sugar maple, ash, and oak. The chestnut is confined to the rolling and
gravelly portions of the county. In the survey of the county the follow-

ing species of timber were noted:

Quercus alba (White Oak) L.

" imbricaria (Shingle Oak) Michx.
" palustris (Pin Oak) DuRoi.
" tinctoria (Black Oak) Bart.

" rubra (Red Oak) L.

" castanea (Chestnut Oak) Willd.

" -bicolor (Swamp White Oak) '

Willd.

Acer saccharinum (Sugar Maple) Wang.
Acer rubrum (Swamp Maple) L.

Castanea vesca (Chestnut). Only in the eastern part of .the county... L.

Ulmus Americana (American Elm) Willd.

Fraxinus Americana (White Ash) L.

Platanus occidentalis (Sycamore) L.

Fraxinus quadrangulata (Blue Ash) Michx.

Gleditschia triacanthos (Honey Locust) L.

Nyssa multiflora (Gum) Wang.
Juglans nigra (Black Walnut) L.

Prunus serotina (Black Cherry) Ehr.

Liriodendron tulipifera (Tulip Tree) L.

Ostrya Virginica (Ironwood) Willd.

Carya alba (Shagbark Hickory) Nutl.

Carpinus Americana (Water Beech, eight inches diameter) Michx.

Tilia Americana (Basswood) L,

Ulmus fulva (Slippery, or Red Elm) Michx.
Juglans cinerea (Butternut) .'.i L.

Salix nigra (Black Willow) Marsh.
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Carya porcina (Pig Hickory) Nutl.

Amelanchier Canadensis (June Berry) Torr and Gray.

.iEsculus glabra (Buckeye) Willd.

Asimina triloba (Pawpaw) Dunal.

Lindera Benzoin (Spice Bush) Meisner.

Populus grandidentata (Large-toothed Aspen) Michx.

Oeltis occidentalis (Hackberry, or Sugarberry.) This is a large

tree in Morrow and Delaware counties, of two feet in diam-

eter L.

GEOLOGICAL STRUCTUKE.

The geological series of the county embraces that much disputed hori-

zon that lies near the junction of the Devonian with the Carboniferous.

The names given to these members in the northern portion of the State

by the Chief Geologist of the present Survey are as follows, in 'descending

order. The names are not known to be applicable in the central and

southern portions of the State, but are supposed to be

:

Cuyahoga shale and sandstone, approximate thickness

Berea grit
"

Bedford shale (red and blue)...
"

Cleveland shale (black) "

Erie shale and sandstone (gray) "

Huron shale (black)
"

kness .. 150 feet.

a
.. 60 "

a
.. 75 "

tt
.. 55 "

tt
.. 400 " to 500 feet

tt
.. 300 "

Of these Dr. Newberry includes the last two in the Devonian, and the

remainder in the Lower Carboniferous. In the southern part of the

State the series seems to be different, and names that have a general par-

allelism with the foregoing have been applied by Prof. E. B. Andrews, as

follows

:

Logan sandstone 123J feet.

Alternations of fine sandstone and conglomerate 85 "

Coarse Waverly sandstone and conglomerate 400 "

Waverly black slate 16 "

Waverly shale and sandstone 130 "

Huronshale or black slate 320 "

In the southern part of the State Prof. Andrews extends the Waverly
group, and so the Lower Carboniferous, down to the Huron shale, em-

bracing the interval, which is probably the equivalent of the Erie shale

in the northern part of the State, consistent with the limits set by the

early geological surveys in the West,, which referred the Waverly, how-

ever, entirely to the Devonian. It has been shown, however, by Prof. A.
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Winchell, of the Michigan Geological Survey, that the Upper Waverly
belongs to the Carboniferous, thus dividing between the Devonian and
Carboniferous ages the series usually embraced under the single designa-

tion of Waverly. For the upper or fossiliferous portion of the old Wa-
verly the term Marshall group has been used by the Michigan Survey,
and that name, intended to cover the base of the Carboniferous, ante-

dates all other names. It is a question whether the term Waverly should
be perpetuated by applying it to a part only of the series to which it was
at first given.

To what extent these subdivisions exist in Morrow county it is not

possible to determine from the exposures that occur. It is only known
that there is (1st) in the eastern part of the county a fine-grained, shaly

sandstone, which is probably some part of the Cuyahoga shale and sand-

stone, although having more the lithological characters of the Logan
sandstone, its equivalent in the southern part of the State. (2d) Suc-

ceeding this shaly sandstone is a valuable series of even-bedded sand-

stones, useful for building and extensively quarried, the equivalent of

the Berea grit* (3d) Below this is a blackish slate, although its exact

junction with the overlying Berea grit has not been observed. It may
be separated from the Berea grit by a thin stratum of shale representing

the Bedford shale. The thickness of this black shale has not been made
out. It is succeeded by (4th) a considerable thickness of bluish or gray

shale, seldom seen exposed. This is followed (5th) by the Huron shale,

or black slate, which occurs in the western part of. the county.

Cuyahoga Shale and Sandstone.—The quarry of W. T. Appleman, on the

north side of the creek, in section 7, Troy township, is in the sandstones

of the Upper Waverly (Marshall). The surface of the country here is

generally very broken, the streams having cut deep channels through

the Drift and into the rock. These sandstone beds here lie horizontal.

They are from one to four inches in thickness. But few feet can be actu-

ally seen, but the bluffs and ridges show every indication of being com-

posed of beds of the same formation in situ to the thickness of nearly a

hundred feet. This stone is without the gritty texture of the Berea beds.

It is more shaly, and has shining specks. Sometimes the heaviest beds

show parting planes, by which they separate into thin layers, giving the

whole very much the appearance of a true shale. The surfaces of the

beds sometimes show fossils, the most conspicuous and common of which
is Productus arcuatus, Hall. One or two specimens of Productus Shumardi-

anus, Hall (?), were also observed. South-west from Mr. Appleman's is

* Graduating below into thin-bedded shaly sandstone.

17



258 GEOLOGY OF OHIO.

Mr. Jacob Aman's quarry (about N. W. J section 18). It occurs along a

little ravine running north, and shows the following section

:

Section at Jacob Aman's Quarry.

No. 1. Eusty, irregular, shattered sandstone; micaceous, with in-

tercalated beds of shale ; beds 1 to 6 inches 7 feet.

" 2. Micaceous shale, with intercalated beds of sandstone (some

of which arefossiliferous). This shale is argillaceous, and

when dried has a glittering and soapy luster, appearing

talcose 8 "

Total 15 "

Jacob Mandeville's quarry is situated N. E. J section 13, in North

Bloomfield, and consists, so far as exposed, of a hard, ringing, blue lime-

stone, which seems silicious. The most of a thickness of eighteen inches

is devoted to this limestone. Generally a coating of sandstone incloses

the limestone, filling out the angles in the bedding, and making the

limestone really lie in lenticular pieces, with rounded edges. Beds of

sandstone are known to underlie this limestone, but the overlying rock

is unknown. No fossils have been seen. The beds are horizontal.

The quarry of Mrs. Elizabeth Treisch is on the N. W. \ section 19,

Troy, and occupies the banks of a precipitous ravine. The section ex-

posed is as follows, in horizontal beds

:

Section on Section 19, Trot, Morrow County.

No. 1. Thin beds of sandstone, with some shale, seen 11 feet.

" 2. Interval, unseen -5 "

" 3. Thin-bedded sandstone....

„

1ft. 6 in.

" 4. Fissile blue shale „ 1"
" 5. Thin beds of sandstone, seen 2"

Total , „ 20 ft. 6in.

Daniel Stull owns a quarry in the same beds, adjoining Mrs. Treisch's.

Along the creek, in section 36, North Bloomfield, Mr. John Snyder and

Mr. Daniel Sorrick have taken out a little stone for common use. It lies

in thin beds, and is poorly exposed.

On lot 8, William Struble's land, a mile and a half north-east of Ches-

terville, about ten feet of sandstone beds are exposed in the banks of a

ravine. These beds are similar to those of widow Treisch's quarry, sec-

tion 10, Troy, and are rarely over three inches in thickness ; one layer is

fourteen inches in thickness.

On the N. W. £ section 5 (east), Franklin township, Mr. Milton Laver-

ing has a quarry in the bluffs of a ravine, which expose about thirty

feet of alternating sandstone and shale layers. The sandstone is soft,
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fine-grained, and micaceous. The mica scales appear specially on the

planes of bedding. Although this stone is usually soft, and crumbles

under pressure, or on exposure to the weather, some of it is harder, yet

equally fine-grained, and in beds of about a foot. It is quite distinguish-

able from the Berea grit as seen at Mt. Gilead, or at Leesville, in Craw-

ford county. It sometimes shows, at Mr. Lavering's, masses of hard,

blue, .silicious limestone. Irvin Lefever has a slight exposure of similar

beds on his farm, three-fourths of a miles south-east.

The Berea Grit.—The quarries in the Berea grit near Iberia are owned

by O. C. Brown, section 23, J. J. McLaren, section 34, David Colmery (not

now worked), John T. Quay, Benjamin Sharrock. Stone also shows on

Mr. G-urley's land, a quarter of a mile south-east from McLaren's quarry.

That of Mr. Brown covers the horizon in which fall all the others. The
section here is as follows, in descending order. The beds lie so nearly

horizontal that no dip can be distinguished

:

Section in the Berea Grit at Iberia, Morrow County.

2

Ho. 1. Drift 3 feet.
" 2. Thin "beds of sandstone, with distinct quartzose grains ; beds 2 to 5

inches 18 " to22feet-
" 3. Heavy beds of sandstone (1 to 3 feet), with evident qnartzose grains,

yet finer than the Berea grit 18 " to22 "
" 4. Shale (in a talus, poorly seen) 30 "

The thirty feet of shale (No. 4, above) is obtained by measuring from

the level of the water in the Rocky Fork of Olentangy Creek, which

passes near Mr. Brown's quarry, to the bottom of the sandstone in the

quarry. This interval is known to be occupied by shale, but its special

characters are hid by the sloping turf-covered talus. It can only be seen

about six inches below the sandstone, where it is fine and blue, and in

beds one-half to one and a half inches. It thus appears that the heavy
beds of the Berea continue intact down to the shale, as in Crawford

county, although at Mt. Gilead the heavy sandstone graduates below into

a thin-bedded and shaly sandstone, before the beginning of the shale.
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The face of the stone where quarried by Mr. Brown presents some in-

dications of a fault of about four feet. A perpendicular seam cuts the

beds from the top to the bottom. An unusual accumulation of shale and
slaty layers on one side of this seam marks a horizon about midway in

the thin beds of the quarry (No. 2 of the above section), terminating

against the seam abruptly; with no continuation at that point. At a

point, however, about four feet lower, the same kind of shale and slaty

layers appear on the opposite side of the seam, and prolong the horizon

in that direction so far as the stone is exposed.

The quarry of Mr. McLaren has five feet of thin beds and nine feet of

thick beds, embracing portions of Nos. 2 and 3 of Brown's quarry. Mr.

Sharrock's quarry is entirely in the flagging of No. 2 of Mr. Brown's,

exposed ten feet. Mr. Quay's is the same as Mr. Sharrock's.

The quarries at Mt. Gilead are in the banks of the East Branch of the

Olentangy, or Whetstone Creek. Here there is a slight dip toward the

south south-east, and the following section can be made out, in descend-

ing order

:

Feet. Inches.

No. 1. Drift, stratified in some places 15

" 2. Berea grit, thin beds 10

" 3. Berea grit, thick beds 6
" 4. Thin beds of sandstone, with shale 19 7

" 5. Shale ; 22 1

Total exposed 57 8

\JtMW
Section of the Beeka Geit at Mt. Gilead.

£„ODED CHANne,

°f
OLENTANGY

S.S.M

Notes on the'foregoing Section.—No. 1 has a brown color at the rock banks,

but a blue clay is met in town in wells, with a thickness of four to ten

feet in some places, showing the usual characters of the hard-pan clay.

No. 2. The thin beds of Berea grit seem to be constant, and immedi-

ately above the heavy beds. They have been seen in every place, both

in Morrow and Crawford counties, where the heavy beds have been ex-

posed in quarrying.
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No. 3 is somewhat thinner here than in the section at Iberia and in

those in Crawford county.

No. 4 is not regular in the alternation of beds, nor in its horizon of

contact with No. 3. Beds of sandstone sometimes occur below the hori-

zon of separation here adopted. The most of the material is sandstone.

Theshale glistens as if with mica, and the surface is soapy and shining

when dry. It is appropriately but not correctly called "soapstone" by

the quarrymen.

No. 5 graduates below into a blackish slate, which crumbles and be-

comes blue, making a blue marl. This member is not well seen here.

No red shale can be seen, nor any indications of it.

No. 4 contains various mud-markings and irony concretions, many of

which have a deceitful resemblance to fossil remains. The irony nodules,

or concretions, have often a marl ball within a scale of one-fourth inch

of real iron. Some deposits appear like real haematite iron ore. There

are also calcareous concretions, or irregular masses of more calcareous

shale or rock, which are hard and firm, of a blue color, and contain iron

pyrites. They seem to be of the same nature and origin as the silicious

limestone of Mandeville's quarry (N. E. \ section 13, North Bloomfield),

but less abundant here.

Calcareous and chalybeated waters issue from springs along the banks,

and make copious deposits of their carbonates on the face of the bluffs.

Quarries are owned at Mt. Gilead by Charles Russel, George Wieland,

and by Smith Thomas.

About three and a half miles south-east from Cardington, in Lincoln

township, occur several quarries on the horizon of the Berea grit, the

exposures being caused by the upper forks of Alum Creek. They all lie

within the area of a square mile, and are owned by D. M. Mosher, David

Steiner, Morgan B. Brooks, and Corwin Conard. The beds are about

horizontal, or show a gentle dip east. The section at Mosher's quarry is

as follows, in descending order

:

No. 1. Hard-pan Drift 8 to 10 feet.

" 2. Flagging ., 4 to 5 "

" 3. Heavy stone 7 to 8 "

" 4. Shale and thin stone (seen) 1 foot.

Mr. Steiner's quarry shows a singular fault or variation of bedding

An oblique seam crosses the face of the exposure, and on the freshly

quarried edges the bedding is very evident. On one side of the seam,

which may be called the lower side, the beds are nearly all thick, run-

ning from five to eight inches above, and reaching twelve inches below.

These thick beds terminate on reaching 4he seam or joint; their ends
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being obliquely beveled in consonance with the angle of the slope of the

seam. On the other side of the seam the beds are conspicuously differ-

ent from the above. The most of them are very thin, running from one

inch to three inches, and the remainder, the lowest, are sometimes eight

inches thick, varying from five inches.

Diagram of the Bedding of the Rock at Mr. Steiner's, 3i miles south-east of Cardington.

Section, at the Left (South) End of Steiner's Quarry.

No. 1. Drift 4 ft. 6 in.

" 2. Beds 5 to 8 inches 6"
" 3. Beds 8 to 12 inches , 3"

Total 13 " 6
"

Section at the North End of Mr. Steiner's Quarry.

No. 1. Drift 4 ft.

" 2. Thin beds (1 to 3 inches) 6"
" 3. Thicker beds (5 to 8 inches) 2" 6 in.

Total , 12 " 6 "

Section at Mr. Oonard's Quarry.

No. 1. Hard-pan Drift 3 ft.

" 2. Thin beds of about 2 inches 3" 6 in.

" 3. Bedsl2inches 2 "

Total.

Section at Mr. Brooks's Quarry.

No. 1. Hard-pan Drift 10 ft.

" 2. Sandstone, beds 2 to 4 inches 8 "

" 3. Sandstone, beds 8 to 12 inches 6
"

" 4. Shale (reported) ,
1"

Total 25 "

Below ISTo. 4 of the section at Mr. Brooks's quarry, sandstone is said to

occur again ; but it is probably closely underlain by shale, and belongs

to the transition beds seen in No. 4 of the general section at Mt. Gilead.

It is noticeable that the most valuable portion of the Berea grit, viz.,

the heavy beds near its base, becomes much thinner in passing south

into the central part of the State; that the Whole becomes finer-grained,
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and that thin beds of alternating sandstone and shale succeed the thick

beds before the main shale bed appears.

The Berea grit is also exposed and slightly wrought on Mr. T. N. Hick-

man's land, S. E. J section 11, Gilead, and on Furbay Conant's, near Mr.

Hickman's.

Bedford Shale.—The only evidence there is of the continuance of the

Bedford shale into Morrow county consists of the difference between the

Cleveland shale and that seen to lie below the quarry of Mr. Brown at

Iberia, and immediately below the sandstone and shale (No. 4) at Mt.

Gilead. The Cleveland, as seen at Mt. Gilead and one or two points

further south, is of a dark or blackish color, somewhat slaty. The shale

underlying the heavy stone at Iberia is blue and fine, not showing any

slaty structure, and may represent the Bedford.

Cleveland Shale.—This shale, which is regarded by Dr. Newberry as the

base of the Waverly group, and thus as forming the base of the great

Carboniferous system, may be seen in the section at Mt. Gilead. It occu-

pies the lowest portion of the shale of No. 5, and lies in the bed of the

stream. It' is supposed to have a thickness of about 50 feet, and to be

followed by the Erie shale and Sandstone (400 or 500 feet in Cuyahoga

county), which is followed by the Huron shale (the great black slate).

There is an exposure of similar shale in the low banks of the creek near

S. Woodbury, on N. W. £ lot 9, in the northern part of Peru township,

where the following section, in descending order, may be made out

:

Section in Cleveland Shale near South Woodbury.

No. 1. Silicious limestone. This is of the same very hard texture,

blue color, and general appearance as the limestone at

Mandeville's quarry, belonging to the Cuyahoga shales

and sandstone ; also the same as some very hard nodules

in the sandstone. It is here in one continuous bed. It

breaks with difficulty, and with silicious fracture 3 in.

" 2. Blackish slate, somewhat like the slate at Cardington (Hu-

ron), but more similar to that at the bottom of the sec-

tion at Mt. Gilead, seen 6 ft.

Total 6 ft. 3 in.

The exact relations of this exposure to the great group of shales that

make up the interval between the Hamilton and the Berea grit, it is im-

possible to state. It is thought, however, that the horizon of the bottom

of the Berea grit passes about half a mile east of this point, judging

from the topography ; and if that be correct, there is no doubt this shale

belongs to the Cleveland.

On the contrary, the frequent slight exposures of black slate through-
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out Peru township, and especially in the banks of Alum. .Creek, make it

evident that the underlying Erie shale, if it exists at all, must be re-

duced to a few feet in thickness. The absence, then, of the Erie shale,

or its great attenuation, makes it uncertain whether the above exposure

may not belong to the Huron. It bears a resemblance to some portions

of the Huron. In the absence of fossils, it will be necessary to leave its

designation conjectural.

The Erie Shale.—The existence of this shale in Morrow county is

altogether hypothetical. The most southern point at which it has been

observed is in Polk township, in Crawford county. It is not known to

exist in Delaware county, which lies 1 next south of Morrow, but it may
have the thickness there of a few feet. This horizon, owing to its shaly

character, is generally deeply buried under the Drift. On the accompa-

nying map this shale is represented as running out, but the evidence to

that effect is not conclusive.

Huron Shale.—This shale underlies the western tier of townships, its

eastern limit leaving the county near the south-west corner of Benning-

ton township and the north-west corner of Washington township. It

is well exposed at a number of places, especially along the valley of the

East Branch of the Olentangy, in Westfield and Cardington townships,

and along Alum Creek, in Peru township. The exposure at Cardington

amounts to about twenty feet. It is here in very thin beds (T
'

T to
l

x of an

inch), and parts, under the weather, into small chips. When wet it has

no unctuous feel, but keeps its color and texture. It is rather firm, and

of a black color. It contains no concretions, or hard masses. An in-

crustation of alum forms on the exposed edges of the beds, but very little

pyrites can be seen. The beds have a slight dip east.

The black slate, or Huron shale, is exposed in the banks of the creek

on lot 13, land of Annis Oliver, and at other points below. At Benedict's

mill, lot 16, twenty feet may be seen. It is here, also, of a very homo-

geneous character, like that at Cardington.

This exposure is approximately forty feet below that at South Woodbury.

At West Liberty the following section, in d'winding order, maybe seen

:

No. 1. Hard-pan Drift 20 ft.

" 2. Thin slate 6"
" 3. Blue, silicious limestone, like that at South Woodbury. In

one bed 4 in.

" 4. Thin, homogeneous slate 30 "

Total 56 ft. 4 in.

Along Alum Creek, about half a mile north of the county line, the

Huron shale is well exposed. Inrkjsd, there is nearly a constant exposure

of the black slate along that crifek south from South Woodbury to the
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county line. The excavation by the creek is, on an average, about

twenty-five feet in the slate. Many of the little ravines joining the

creek show it in their banks. In the south-western part of the township

of Peru are what, are known as " slate knobs " along the Olentangy,

which have a sparseness of soil and too easy drainage, making them poor

for agriculture.

At Westfield the black slate is exposed in the banks of the East Branch

of the Olentangy, on the land of J. B. Trindle. It was also struck in

digging for the foundations for the flouring mill half a mile below West-

field.

The Drift.—The whole county is heavily covered with northern Drift.

It embraces stones of all sizes, irregular patches of stratified gravel and

sand, and much clay. The mass of the whole is made up of that usually

denominated "blue clay," although the blue color is only found at the

depth of fifteen or twenty feet, the action of the air and water on the

iron and other substances contained in it having produced hydrated, im-

pure peroxides that pervade the soils and the clay to about that depth.

The Drift is usually perfectly unassorted; yet at Mt. Gilead, where there

seems to have been an accumulation of standing water about the foot of

the glacier, the upper portion of the Drift clay is very fine, and free from

stones and gravel. This clay here also shows the exceptional character

of stratification, although the laminae are considerably disturbed, not

lying so true and nearly horizontal as in the laminated clays at Fremont

or at Cleveland. The average thickness of the Drift would probably not

exceed forty feet. It seems to be thicker in the northern part of the

county than in the southern.

About a mile above Mt. Gilead the left bank of the East Branch of the

Olentangy consists, so far as seen, of hard-pan, containing bowlders

throughout from top to bottom, and measures sixty-four feet nine inches.

This was a fresh exposure, where the washing over the dam had laid it

bare. Only ten feet of the' blue hard-pan can be seen, the lower portion

being hid by debris. The thickness of the oxidated Drift was about

eighteen feet. One very large northern bowlder was seen projecting

from the bank, just above the lowest part of the brown hard-pan. Half

a mile below Westfield the banks of. the same creek show thirty-one feet

seven inches of Drift, made up according to the following section, in

descending order

:

Section of the Drift near Westfield, Morrow County.

No. 1. Hard-pan (unstratified) 21ft.

" 2. Gravel (stratified) 10 " 7 in.

Total thickness '. 31ft. 7 in.
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The black slate is exposed at this place in the bed of the creek, and

the above shows nearly the full thickness of the Drift. This conspicu-

ous bed of gravel has been excavated for use in the neighborhood, and

its position (below a heavy bed of unassorted Drift) resembles that of a

similar bed of assorted materials seen near Upper Sandusky. (See

Geology of Wyandot County, p. 639, Vol. I.)

The appearance of the Drift in Morrow county also indicates a greater

age than in counties further north. This is one of the most noticeable

features of the Post-Tertiary deposits of north-western and central Ohio.

In traveling south from the northern, and especially the north-western

portions of the State, the observing geologist sees the increasing coarse-

ness of the surface of the Drift, the deeper and wider excavations of the

river valleys, and the deeper oxidation from the blue color to the yellow-

ish brown. He sees the superficial lamination of the fine clay that is

found in the valleys of nearly all the streams that flow northward into

Lake Erie entirely disappear long before reaching the summit of the

watershed. The streams are plainly older in the central part "of the

State than in the north-western. Instead of only occasional exposures

of the bed rock in their valleys, the rock is almost constantly seen along

their banks. Instead of having bluffs composed entirely of loose Drift

material, their banks show sometimes an erosion in the rocks to the

depth of forty or fifty feet. This difference can not be due to the occur-

rence of more fragile and destructible formations in the central and

southern portions of the State, for the formations lie in outcrop in belts

running across the State from north to south. Moreover, instead of a

deeper erosion in the softer rocks, where a stream passes from one forma-

tion to another, in certain cases the greater erosion is in the harder

formation, as when it happens to lie further to the south or south-east.

(See Report on the Geology of Delaware County.)

There is another striking phenomenon connected with the subject of

the relative ages of the Drift deposits in the north-western and the cen-

tral portions of the State. In those streams which flow northward and

join the Lake Erie valley there is a steady diminution in the exposure

of the bed-rock, due to the denuding action of the streams on the Drift,

in going north from the jyatershed. The most frequent exposures are

in the valleys of the tributaries, spite of the greater erosive power of

the larger volume of water further north. The exposures of the rock

that occur over large tracts in north-western Ohio are either confined to

the lake shore, where the power of the waves has removed the Drift, or

to the "lacustrine area," where the same power has washed the Drift

from the rock at points outside of the river valleys. On the contrary,
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in the valleys of those streams that flow southward from the watershed

there is a steady increase in the amount of exposure of the underlying

rock, until the banks become constantly rocky, and at last show sixty to

a hundred feet excavation in the solid, rock. This increasing erosion

of the rocks in the valleys of the southward-flowing streams, in passing

southward, is noticeable even within the limits of Morrow county. In

the township of Canaan the black slate is not exposed at all, and in

Tully township, Marion county, it is only exposed at two or three points,

although crossed by streams in both townships. In Crawford county,

which lies immediately north Of Morrow, there is not a single exposure

of the black slate, although it is crossed repeatedly by the largest streams

of the county. On the contrary, in the southern part of Morrow county,

the banks of Alum Creek afford almost a constant exposure of the black

slate, and some of the small tributary valleys, that are dry except in

the freshet season of the year, are also deeply dug in the same formation.

From this the conclusion is inevitable that whatever the force or forces

that deposited the Drift in Ohio, they operated latest toward the north-

west. As there is no essential difference in the composition and arrange-

ment of the Drift toward the south, it is necessary to infer either that

the cause of the Drift was one of great duration, or that it has recurred

in full force in the north-western part of the State since its withdrawal

from the central part. The same kind of force must be applied to both

localities.

Glacial marks were seen at a single locality in Morrow county. They
were noted on fragments removed by the quarrymen at. the quarry of Mr.

David Steiner, three and a half miles south-east of Cardington ; but their

direction could not be ascertained.

Wells and Springs.—In the eastern half of the county there is no diffi-

culty in obtaining water for the household and for dairy purposes. The

sandstone underlying is apt itself to gjve a ferruginous character to the

springs that issue from it ; but the most of the springs and wells that

give an irony taste derive the iron, as a carbonate, from the Drift gravels'

"and sands with which that part of the county is well supplied. That

kind of water is very often met with in the eastern part of the county.

In the western half of the county the water of wells and springs is very

often sulphurous. Some very strong sulphur springs occur in that part

of the county, issuing directly from the black slate. Some very remark-

able and copious sulphur springs occur in Peru township. The following

list, with the adjoined columns, will convey a very good idea both of the

thickness of the Drift and of the nature of well water obtained in differ-

ent parts of the county :
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Wells and Springs.

a> I <t>

Sg.g .

® S » o

Owner's name. Location.
Through
what.

Remarks.

D. W. Mosher ....

Fountain Kenny.

"William Powell..
J.Wood

Richard Wood..
Annis Oliver ..

.

JohnOsborn

Lincoln town'p

3 miles east of

Cardington
S. Woodbury...
Lot 13, Peru tp.

Lot 18, "

Sarah Gray
H. J. Rexroad .

Lawrence McDani Is

Joseph Eaton

James Culver..

S. Julian .

Andrew French

William Smith.
M. A. Sprague.
J. W. Ramey ...

Ransom Howe..

Antiphas Dexter
Dr. Aug. Sweatland.
J.C.Cook ....

John Maguire
William Hultz
Charles Harris
Daniel Leonard

Lewis Leonard
Daniel Lyon
E.W. Miles
Daniel Brown
Timothy Drake....

Average depth at

.

Abram Cole
James Duncan

Lot 8,
"

Lot 13, "
West Liberty...

Lot 7, southern
part of Peru ..

Lot21,JinS.W.
West Liberty..

Lot 35, Ben-
nington

Sec. 16, South
Bloomfield....

BloomfleldP.O.
n
n

Sparta

Lot 16, Chester.

§ mile east of

Chesterville...

Chesterville....

Lot26,Franklin
Franklin, lot 26
Sec. 34, Gilead..

Sec. 34, Wash-
ington

16

10

Gravel and sand
Clay and gravel

Clay, then sand

Clay and gravel

In quicksand..,

In gravel :.

Clay and hard-
pan
On slate

In gravel, on
slate

Clav..

Clay and hard-
pan

Blue clay
Blue clay and
gravel
Blue clay

Blue clay and
sand
Blue clay and
gravel .*..:

Blue clav

Blue clay ....

Brown clay and
gravel

Clay and sand..

Blue clay

.

Blue clay and
shale

Good water.
Good water, on the
rock.

Good water.

" in gravel.
Good water.

Sulphur water.

Strongly chalyb'te.

Irony, strongly ar-

tesian.

Good water.
Very little water.

Good water.

Only supage water.

Copious water.

Good water.

" 1 deepest
"

J in town.
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MATERIAL RESOURCES.

Quicklime, Building Stone, Brick.—The county is entirely destitute of

stone for making lime. The quarries in the Corniferous limestone at

Delhi, in Delaware county, hare furnished most of the quicklime used in

the county. Since the construction of the chartered roads, the operators

of which are allowed to collect toll of travelers, many consumers have

been diverted from Delaware county to lime-kilns in Marion, to which
access from Morrow county is still free. The county is well supplied

with building stone of the best quality. The openings in the Berea

grit at Iberia, Mt. Gilead, and near Cardington are widely known, and
supply a great extent of territory with stone of an excellent quality. It

has already been remarked that the grain of the Berea grit becomes

finer in the central parts of the State, while at the same time the heavy-

bedded portion becomes much reduced. This is noticeable in Morrow
county, where it is considerably used for purposes for which it would not

be well adapted in the northern portion of the State. There is no way
of ascertaining the annual product of these quarries, owing to the fre-

qiient change of ownership and the lack of records of sales. The prices

at Iberia, given by Mr. Brown, are as follows. They would not vary

much from those at Mt. Gilead and Cardington, although Mr. Brown has

unusual natural facilities for working his quarry :

Small thin stone for common walls and foundations sells for $1.00 per

perch' of 25 cubic feet ; spalls, 40 to 50 cents per wagon load ; flagging,

8 cents per square foot;, stone, four to six inches thick, $1.50 to $2.00

per perch ; best heavy blue, even and fine-grained stone, for bases to

monuments, 10 to 40 cents per cubic foot.

Gravel and sand from the Drift are abundant in the eastern portion of

the county. It is not usual to meet with these materials in the Drift in

the shale and slate area. For brick, tile and common red pottery, the

clays of the Drift, when sufficiently free from small stones, are well adapt-

ed. Yet there are not many manufacturing establishments of this kind

in the county; only three were met with in the survey of the county.

This probably is due to the abundant supply of good building stone and

the prevalence of a heavy forest in the settlement of the county. The
material used by Messrs. Miller and Smith, at Mt. Gilead, is fine, entirely

free from gravel, and somewhat indistinctly assorted, though not arranged

in layers like that at Fremont, in Sandusky county. The bank presents

a massive section of fifteen feet, appearing somewhat like the " Bluff for-

mation " of the Missouri river, though less arenaceous. It passes below

into clean, gray quicksand. It makes a very fine brick, of even texture

and perfect outline, the angles and corners being well filled. Near
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Cardington Mr. Abram Hickson makes brick and tile, and on section 7,

Troy, Mr. W. T. Appleman makes enough to supply the demand in a

limited neighborhood.

Salt.—At West Liberty Mr. James Flemming owns land on which, in

the year 1818, a well was sunk to the depth of about 330 feet. From the

brine obtained a few bushels of salt were manufactured. Mr. Barton

Whipple, of West Liberty, the only man who could be found cognizant

of the facts, reports, by letter, that there were no indications of salt or

any salt-lick within forty rods of the well. The well was drilled by A.

Walker, but the water did not rise to the top. By means of a thin cop-

per tube, 75 feet in length, and a pump, they succeeded in raising enough

to make about fifteen bushels of salt. The tube then "collapsed," and

no further efforts were made to extract the brine. Four years ago another

drill was made at the same place for the purpose of reaching oil, and Mr.

Whipple says the same deposit of brine was struck at about 330 feet. It

is the impression of some that the location of the well at West Liberty

was determined by the occurrence of "deer-licks" in that neighborhood.

A well was drilled a few years ago west of Iberia, near the county line,

for the purpose of finding oil. It passed through shale and slate so

far as it was prosecuted, which was to the depth of 200 feet. This shows

the strike of the Berea grit, to be at some point further east, and the ex-

posure of the same in Tully township, Marion county, a few miles west

of this well, must be an outlying mass.

For mineral paint the shale lying below the Berea grit seems to be

adapted. It has been used to good advantage by Mr. Brown at Iberia.

It is dried, ground, and mixed with boiled linseed oil, making a blue

paint. It is also worthy of being tested as a fire-clay and for pottery.

Several deposits of bog ore were met with in the survey of the county.

It occurs on land of Samuel Elder, S. E. J section 24, Washington, and on

that of James Thomas, in the same section. The hydrated peroxide

which constitutes the ore in most bog deposits here seems to be associated

with a considerable spathic iron ore, or carbonate of iron. At Mt. Gilead

there is a copious deposit of carbonate of iron on the rock bluffs of the

creek, associated with calcite. Other deposits of bog ore were seen in

^the eastern part of the county. One is in section 5, Franklin township,

land of Calvin Blair and of John Blair. A small deposit of crag, or ce-

mented gravel, may be seen on Milton Lavering's land, in the left bank

of the North Fork of Owl Creek, section 5, Franklin. It is due to the dis-

charge of calcareous water from the bank, the source of which.it is not

easy to explain.

The economical value of the black slate consists in the supplies of oil
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and gas for which it is noted both in Ohio and Virginia, as well as in

Pennsylvania. There are no productive oil or gas wells in Morrow
county, but there is much reason to suppose the formation which supplies

x them in other places is equally charged with these mineral products in

this county. Many copious gas jets have been struck in the area of the

slate in digging common wells. In one case, near West Liberty, the dis-

charge- was so sudden and so great that the laborers were greatly in

danger of suffocation. An associate who descended thoughtlessly to aid

those overpowered lost his life. A passing stranger being summoned, he

in like manner was overcome, and died before he could be rescued.

Those who were in the well in the first place were finally raised and
resuscitated. Other similar gas streams have been encountered in other

parts of the slate area. Sometimes the water in wells shows a constant

slow escape through it of gas in the form of bubbles, indicating a con-

tinuous discharge of this substance from the black slate throughout the

Drift. This subject has been fully discussed by Dr. Newberry in the first

volume of the final report.

The chief material resource of Morrow county lies in the rich and
varied soil with which it is furnished. It is necessarily an agricultural

county, rather than a mining or manufacturing county. It partakes

largely of the prominent features that are common to the most of north-

western and northern Ohio, yet it has not that flatness of surface and
sameness of agricultural capacity witnessed in the counties included in

the "lacustrine area," or even in those of the extensive tract in north-

western Ohio known as the Black Swamp. It is just south of the great

watershed, or rather lies on its broad summit, just far enough south to

have a slow drainage into the Ohio river. Its soil depends almost en-

tirely on the northern Drift, and not on the character of the underlying

rock.



CHAPTER XXXVII.

REPORT ON THE GEOLOGY OP DELAWARE COUNTY,

BY N. H. WINCHIXL.

SITUATION AND AREA.

Delaware county embraces the geographical center of the .State. It

lies immediately south of Marion and Morrow, and north of Franklin,
which contains Columbus, the State capital. On the east it joins Knox
and Licking, and on the west Union. Its area, officially stated at 283,289
acres, embraces 81,975 acres of arable land, 104,649 acres of meadow or

pasture land, and 96,665 acres of uncultivated or woodland. Its average
value per acre, exclusive of buildings, is $33.44, that of Franklin county
being $57.42, and of Hamilton, which contains the city of Cincinnati,

$84.39.

NATURAL DRAINAGE.

The Scioto and Olentangy Rivers cross the central portion of the

county from north to south. These streams, with their tributaries, con-

stitute the drainage system of the county. The Scioto is the larger

stream. They are both subject to sudden and very great increase of vol-

ume in freshet time. They afford many excellent water-power privi-

leges, some of which have been improved by the erection of mills fou

flouring and manufacturing. As they are inciosed, throughout most of

the county, by high banks that are often rocky, they may be dammed
with ease and security to adjoining lands. - '

SURFACE FEATURES.

The eastern portion of the county is rolling, particularly the sand-

stone districts. This is due partly to the original unequal deposit of the

Drift, and partly to the effect of streams which have dug their channels

through it, and into the rock, in some instances, to the depth of fifteen

or twenty feet.

The area of the shale and black slate was at first generally flat, but

the streams and all little ravines have so roughened the surface that it

should now be called rolling, or undulating, although there are yet many
wide fiat tracts. The belt underlain by the shale and black slate is sep-

arated from the limestone belt by the valley of the Olentangy, which,
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with its tributaries, constitutes an important system of drainage. The

whole limestone district, which embraces all that part of the county-

west of the Olentangy River, except that underlain by the Waterlime,

is moderately undulating, the surface being worn by erosion into shal-

low depressions, which, near their junction with larger streams, be-

come ravines bounded by steep bluffs. The district of the' Waterlime is

flat, especially in the townships of Radnor, Thompson, and Scioto. The

deeply eroded vallavs of the Scioto and Olentangy constitute the most

marked topographical .features of the county. In the southern part of

the county these valleys are deeply cut in the underlying rock. The

divide between them at a point west of Powell is one hundred and

twenty- five feet above the Scioto. That interval is made up mostly of

the beds of the underlying limestone, the Drift not having an average

thickness of over twenty-five feet. The descent to the Olentangy is

usually very gentle, occupying sometimes the space of a mile or more on

either side ; while the valley of the Scioto is narrower, and its banks

more frequently rocky and precipitous. The valley of the Olentangy is

excavated for the most part in the black slate or the underlying shale,

but that of the Scioto is cut in solid limestone strata. This fact may
account for the greater breadth of the former.

In the north-western part of the county the valley of the Scioto is

strikingly different from the southern part. It has here the features

that the same valley presents in Marion and Hardin counties. The
bluffs are never rocky. The general level of the country is but little

above the level of the water in the river. The stream has not yet cut

its channel throughout this part of its course through the Drift, and in

traveling along its valley one is forcibly reminded of the strong resem-

blance of the face of the country to the Black Swamp region of north-

western Ohio. It is a natural and reasonable inference that this portion

of the country has had a very different superficial history from the south-

ern and eastern parts, and one that allies it more to the Lake Brie val-

ley than to the Ohio slope. These Black Swamp features prevail in the

townships of Radnor and Thompson, and in the north-western part of

Scioto.

Railroad Elevations.

Above Lake Erie. Above the Ocean.

Morrow county line (0. C. C. & I. E. E.)

Ashley (C. C. 0. & I. E. E.)

Eden "

Delaware "

Berlin "

Lewis Center " ....„.,

18

405 feet. 970 feet.

412 "
977 "

405 "
970 "

378 " 943 "

381 " 946 "

387 " 952 "
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Soil and Timber.—The soil generally is dependent on the nature of the

northern Drift. In this the various essentials, such as iron, lime, phos-

phorus, silica, magnesia, alumina, and soda, are so thoroughly mixed and

in so favorable proportions that the strength and fertility of the soil are

very great. The depth of the soil has the same limit as the Drift itself,

which is, on an average, about twenty-five feet. The soil is more gravelly

and stony in the rolling tracts. The stones come partly from the under-

lying rock, but mainly from the Drift. They are common along all the

valleys of streams and creeks and in shallow ravines. They are made
to appear superficial by the washing away of the clayey parts of the Drift,

and are not due to any Drift agency acting since the deposition of the

great mass. The north-western part of the county has a heavy clayey

soil, with some exceptions. This clayey, flat land is comparatively free

from superficial bowlders. Very little gravel can be found except in the

line of gravel knolls that passes north-westwardly through Radnor town-

ship. The valleys of the streams, however, show a great many northern

bowlders, as in other parts of the county. Besides these general charac-

ters of the soil ©f the county, a great many modifications due to local

causes will be seen in passing over the county. There are some marshy

accumulations, which, when duly drained, are found to possess a soil of

remarkable ammoniacal qualities, due to decaying vegetation. The
alluvial river margins possess a characteristic soil, strongly contrasting

with the generally clayey lands of the county. They are lighter and

warmer, while they are annually renewed, like the countries of lower

Egypt, by the muddy waters of spring freshets, and are hence of ex-

haustless fertility.

The whole county was originally wooded with deciduous trees, which

were associated, in the eastern portion, with a few species of conifers.

Rev. J. H. Creighton, of Delaware, has kindly furnished the following

list of

Trees, Shrubs, and Woody Vines Found Growing in Delaware County,

Abies Canadensis Michx. Betula nigra L.

Acer saccharinum Wang. Bignonia capreolata '. L.

" rubrum L. Crataegus cordata Ait.

" dasycarpum Ehr. " oxycantha , L.

Ampelopsis quinquefolia Michx. " coceinea L.

Alnus incana Willd. " flava Ait.

Amelanchier Canadensis Torr&Gr. Cornus florida L.

Asimina triloba Dunal. " Canadensis L.

Aesculus glabra ..: Willd. " paniculata L'Her.

Benzoin odoriferum Nees. " alternifolia. L.

;Betula papyracea Ait. (?). Carya alba Nutt.
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Carya tomentosa Nutt,

" glabra Torr.

" microcarpa Nutt.

" porcina Nutt.

Clematis Virginiana L.

Corylus Americana Walt.

Celastrus scandens L.

Castanea vesca L.

Cercis Canadensis .„ L.

Carpinus Americana Michx.

Cephalanthus occidentalis L.

Celtis crassifolia •. Lam.

Diervilla trifida Moench.

Euonymus atropurpureus Jacq.
" Americanus L.

" obovatus Nutt.

Fagus ferrnginea Ait.

Fraxinus Americana L.

" viridis Michx. f.

" quadrangulata Michx.

" sanibucifolia Lam.

Gleditschia triacanthus L.

Hamamelis Virginica L.

Hydrangea arborescens L.

Juglans nigra L.

" cinerea L.

Juniperus Virginiana L.

Liriodendron tulipifera L.

Lonicera grata Ait.

Morus rubra '. L.

" nigra L.

Menispermum Canadensis L.

Nyssa multiflora Wang.
Negundo aceroides Moench.

Ostrya Virginica Willd.

Populus alba L.

" balsamifera L.

" grandidentata Michx.
" tremuloides Michx.
" angulata Ait.

" monilifera Ait.

Pyrus coronaria L.

Prunus serotina Ehr.

" Virginiana '. L.

" Chickasa Michx.

Ptelea trifoliata L.

Platanus occidentalis L.

Pinusmitis Michx.
" rigida. Mill.

Quercus macrocarpa Michx.

" alba L.

" Prinus L.

" palustris DuRoi.

" bicolor Willd.

" falcata Michx.

" tinctoria Bart.

" nigra L.

" aquatica Catesby.

" rubra L.

" Phellos L.

" coccinea Wang.

Rosa etigera Michx.

" lucida * Ehr.

" rubiginosa L.

" blanda Ait.

" Carolina C. L.

Robinia pseudacacia L.

Ribes Cynosbati L.

" lacustra Poir.

Rhus glabra L.

" typhina L.

" toxicodendron.. L.

Sambucus Canadensis L.

Sassafras officinale Nees.

Salix fragilis L.

Smilax rotundifolia L.

Spiraea opulifolia L.

" salicifolia L.

Staphylea trifolia L.

Salix humilis Marshl.

" alba L.

" longifolia Muhl
#

" nigra Marshl.
" discolor Muhl.
•' lucida Muhl.

Tilia Americana L.

Tecoma radicans Juss.

Thuja occidentalis L.

Ulmus Americana (pi. Clayt.) Willd.
" fulva Michx.

Viburnum prunifolium L.
" opulus L.
" acerifolium L.

Vitis cordifolia Michx.
" aestivalis Michx.

Vaccinium macrocarpon Ait.

Zanthoxylum Americanum Mill.
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This list may be increased by adding Oymnoclad.us Canadensis, Lam.
(Kentucky coffee-tree), seen in Radnor township, and Prunus Americana,

Marshall. The red mulberry {Mortis rubra, L.) is rather common, growing
in situations that prove it indigenous to the county. It is also common,
in its native state, in most of north-western Ohio. The Balm of Gilead

(Populus candicans, Ait.) and the common locust (Robinia pseudacacia L.)

are also generally seen in cultivation.

GEOLOGICAL STRUCTURE.

The geological range of the county is from the base of the Carbonif-

erous system to the Waterlime in the Upper Silurian . The oldest, and
hence the lowest, geological horizon is in the north-western portion of

the county, occupying Thompson and a part of Scioto townships. The
outcropping belts of the formations cross the county from north to south.

The townships of Radnor, Marlborough, Troy, Delaware, Concord, Lib-

erty, and Scioto are underlain by the Corniferous, including also what
there may be of the Hamilton. The belt between the Olentangy and
Alum Creek is occupied mainly with the outcroping edge of the Huron
shale, including the underlying blue shale seen beneath the Huron at

Delaware, in the banks of the Olentangy. How far east of Alum Creek

the black slate extends it is impossible to say, but it probably includes

the western portions of Kingston, Berkshire, and Genoa. The fragile

shales that immediately underlie the Berea grit have a narrow belt of

outcrop through Kingston, Berkshire, and Genoa. The Berea grit under-

lies the most of Porter, Trenton, and Harlem. The overlying Cuyahoga
shales and sandstone, called Logan sandstones in the southern part of the

State, have but a feeble representation in Delaware county. They
would undoubtedly be encountered by drilling in the extreme eastern

portion of the eastern tier of towns. The various strata making the

series of Delaware county are as follows, in descending order

:

Cuyahoga shales and sandstones.

Berea grit.

Cleveland shale.

Huron shale.

Olentangy shale.

Hamilton and Upper Corniferous limestone.

Lower Corniferous limestone.

Oriskany sandstone, or conglomerate.

Waterlime.

Cuyahoga Shales and Sandstones.—At Condit, in Trenton township, on

the line between sections 1 and 2, may be seen an exposure of the Cuya-
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hoga, in the bed of Perfect's Creek. It is on land of Oliver Greatrax, and

has the following section, in descending order

:

No. 1. Sandstone, of the grit of, the Berea, not glittering and

earthy, in beds of 1 to 4 inches, seen ...i 3 ft.

" 2. Shale—blue, hard 1"
" 3. Sandstone, same as No. 1, but in thicker beds of 4 to 6

inches 2 "

" 4. Shale, like No. 2 8 in.

" 5. Sandstone, same as No. 1, seen 4"

Total 10" 8 "

The bedding of this quarry is irregular, the pieces coming out in all

shapes lenticularly, and varying in thickness; but the stone is very

good, the grain being firmer and more like that of the Berea than any

seen elsewhere in the Cuyahoga.

S. W. \ section 2, Trenton. In the left bank of Perfect's Creek, on the

land of Norman Overturf, the following section may be made out, in

descending order

:

Section on Norman Overture's Land, Trenton Township.

No. 1. Thin-bedded, shaly sandstone, glittering with mica, espe-

cially on the sides of the bedding 3 ft.

" 2. Beds more even—2 to 5 inches ;
grit similar to that of the

Berea 4 " 6 in.

" 3. Very thin and shaly, rather slaty 6"
" 4. Beds 2 to 4 inches 6"
" 5. Slaty sandstone 4"
" 6. Beds 2 to 6 inches, seen 1"

Total 9 " 10 "

The slaty beds of this section, which are wavy and ripple-marked, lie

irregularly among stone that is of a coarser grain and heavier bedding,

the heavy beds showing the unusual phenomenon of tapering out, allow-

ing the horizon of the slaty layers to rise and fall in the course of a few rods.

This section, or parts of it, is seen again in the left bank of the Wal-

nut, below the mouth of the Perfect Creek, on Mr. Overturfs land. It is

also exposed a few rods further north, along the left bank of Walnut
Creek, on Monroe Vance's farm. At the latter place some very good flag-

ging has been obtained from the bed of the creek, but the thickest beds

are not over four inches, the most being less than an inch. They afford

here a fine surface exposure, showing a peculiar sheety and wavy
arrangement. They rise and fall, shooting up and down at various

angles and in all directions, and are often ripple-marked, reminding the

observer very much of similar thin layers of the Waterlime of the Upper
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Silurian. Similar beds are exposed on John Ferrier's land, next above

Mr. Vance's. They continue also through the farms of Andre Wiants,

Hosea Stockwell, Nelson Utley, and James Williamson, a mile and a half

above Mr. Vance's, showing the same characters, and are somewhat used

for walling wells and for common foundations. Below Mr. Overturfs

section, Mr. Reason Criss owns a bluff of similar stone on the right bank
of the Walnut. Passing down the Walnut, from the mouth of the Per-

fect, lower beds of No. 6 of the section above given on Mr. Overturfs

land are visible, making in all six feet of beds varying from two to six

inches in thickness. Although these beds generally have that thickness,

this number also embraces wavy beds of not more than one-eighth to one-

half inch thick, which strike diagonally across the face of the bluff,

sometimes rising and falling, and running out in either direction, with

a tapering point, within twenty-five feet, the thickness of the slaty beds

not being altogether more than four inches. Thus the valuable beds are

cut up into lenticular pieces of differing thicknesses, and rendered easy

of quarrying. With the exception of these wavy beds, the whole of

Overturfs section might be embraced in one number, the beds repre-

sented by Nos. 1, 3, and 5 being like the above in No. 6, and very unre-

liable, and without extension horizontally.

Passing further down the creek, just before reaching widow Boyd's

quarry, the base of the foregoing section shows thicker beds of six to

fourteen inches, to the amount of about three feet ; but before reaching

the quarry they disappear in the bank, and no more is seen of them.

But at the quarry of Mrs. Boyd there is a high bank of about twenty

feet, embracing some of the rock of the foregoing section, and running

down so as to cover the foregoing thick beds. Here the thickest stone

taken out is fourteen inches, but no bed is constantly of that thickness.

Indeed, the whole of it, even in the bed of the creek where the quarrying

is done, appears thin-bedded, and it is difficult to say where the horizon

of the above thick beds really is. It is certain^ however, that to complete

the downward section from Overturfs to this place it is necessary to add

:

No. 7. Beds heavier, sometimes 14 inches, with some slaty beds... 5 ft. 6 in.

At Mrs. Boyd's quarry some fine stone for heavy bridge abutments is

being taken out (summer of 1872). It is of a fine grain, blue color, and

a thickness of about eight inches. When it comes from below the water,

sometimes the thinner slaty beds are compacted and adhere together, so

that the stone appears nearly all in beds of four to fourteen inches.

Descending the creek still further, there occurs an interval of no ex-

posure, but from the dip of the beds where last seen, and from the char-

acter of the stone where next exposed, it is certain the creek has made
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its way to a lower horizon in the formation. It is -necessary to add,

therefore

:

No. 8. (Seen above the bridge over the dreek, east from Sunbury, and

near Boyd's qurrry ; also below the bridge at the top of the

bluff, right bank.) Irregular, rough, full of oblique divi-

sional planes, fragmentary, and sometimes concretionary,

and in large masses 6 ft.

" 9. Regular beds of 2 to 4 inches.../ 4"
" 10. Massive, or concretionary and irregular, with oblique divi-

sional planes, somewhat irony, with shaly deposits and part-

ings, seen 12 "

The shale sometimes crumbles out of No. 10, leaving the heavier stone,

thus showing a tendency to caverns ; but these holes are not of great

depth, because of the unstable character of the rest of the rock. In some

places No. 9 is entirely lost, and Nos. 8 and 10 unite, making a very

rough and angular stone, with a thickness of twenty feet or more. The

bed of the creek here is made up of irregular angular pieces, instead of

flat, thin fragments, as at Mrs. Boyd's quarry and above. This section,

showing more or less of the beds of Nos. 8, 9, and 10, continues to form

the bluffs of the stream as far down as the dam. A few rods below the

dam the left bank is thirty-eight feet high, and is covered with a deposit

of travertine, or carbonate of lime, from the top to the bottom. There

is a flow of calcareous water over the bluff. This deposit is porous, and

must have at least an average thickness of three feet. Pieces of that

thickness have fallen down from the bluff. This carbonate has here no

stains as of iron, noticed at Iberia, in Morrow county, although it occu-

pies a similar situation geologically. This travertine has been burned,

and is found to make a very white and strong quicklime.

The origin of the calcareous water which deposits this travertine is in-

volved in much doubt, there being no limestone in that neighborhood,

nor near that geological horizon.

Just below this travertine, on the same side Of the stream, is John

Landon's quarry, situated a short distance above the mill. This contains

the base of the section of rough stone already given (Nos. 8, 9, and 10),

and shows as follows

:

No. 10. Additional to No. 10 8 ft.

" 11. Alternations of beds of shaly sandstone of 2 to 6 inches,

and of good beds of solid stone of 6 to 20 inches. The
individual layers of the slaty sandstone are not more

than I of an inch thick* 22 "

" 12. Shale 4 " 6 in.

* These partings of slaty stone between the heavy beds aid in quarrying.
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Opposite the mill of Mr. McFarland, Mr. Landon owns another quarry,

situated a little further down. At this place the exposed section is as

follows, continuing the numbering from above

:

No. 11. As above 18 ft.

" 12. Shale, as above 4" 6 in.

" 13. Heavy sandstone, in one bed, sometimes concretionary. 2 "

" 14. Shale 1"
" 15. In one bed, sandstone 1 " 10 "

" 16. Shale in the bed of the creek, thickness unknown.

Total thickness of section 76 " 8 "

The shale of- No. 12 is apt to contain thin but very even beds of good

sandstone. Indeed, one heavy bed of sandstone, valuable for railroad

bridges, and for that purpose here quarried, entirely embraced in this

shale, gradually thins out horizontally toward the north, and disappears

entirely in the distance of 22 feet. This is a valuable quarry and furn-

ishes heavy stone. The same is true of Sprague and Burr's quarry,

which is across the creek and near the mill of Mr. McFarland. It' is in

the beds of No. 11 of the foregoing section.

Passing down the creek to the mouth of the Rattlesnake Creek, no

further view of the shale underlying the sandstone is obtained. The

bluffs are bold and rocky on either side, large fallen masses lying at the

base, breaking the force of freshet currents and concealing the shale

from sight.

The foregoing section of the lower portion of the 'sandstone, Nos. 1 to

16 inclusive, includes the Berea grit. It shows the imperceptible change

that takes place between the Cuyahoga and the Berea. There seems

to be no marked horizon setting off one from the other, yet there is a

lithological difference that mainly consists in the heavier beds and the

coarser grain of the Berea. The mica specks are also wanting generally

in the Berea, although it is probable they would be found in the inclosed

shale. The Berea may be said to include Nos. 8, 9, 10, 11, 13, and 15 ; the

Cuyahoga would embrace Nos. 1, 2, 3, 4, 5, 6, and 7. The underlying

shale is represented within the sandstone layers of the base of the Berea

grit by Nos. 12 and 14 ; showing a gradual transition, so far as this sec-

tion is concerned, from shale to coarse-grained sandstone, and then to

the fine and shaly beds of the Cuyahoga. The very rough and fragment-

ary condition of Nos 8 and 10 should be specially noted. It occurs within

the Berea, and has not been seen elsewhere in that formation.

Berea Grit.—Besides the foregoing sections in the Berea grit, it is also

quarried by Mr. John Knox, in the banks of the Rattlesnake Creek,
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about half a mile above its junction with the Walnut. This quarry,

worked by Messrs. Landon and Fish, shows the following downward

section

:

No. 1. Drift 2 ft.

" 2. Beds two to three inches 12 " »

" 3. Beds six,to eight inches 3"
" 4. Slaty beds 2 in.

" 5. Concretionary, rough, worthless 2 " 2 "

" 6. Heavy beds, four to ten inches 5 "

" 7. Interval hid.

" 8. Thicker beds in the creek, not well seen.

Total 22 " 4 "

This quarry is probably in the upper portion of the Berea grit. A quar-

ter of a mile above Mr. Knox's quarry is that of Mr. Alfred Williams.

This shows about fifteen feet of beds of two to four inches. About a mile

and a quarter north of Harlem, along the South Branch of Spruce Run,

is Homer Merritt's quarry. The upper portion of his section consists

of thin layers of two to six inches. Thicker layers of fourteen or six-

teen inches are near the bottom of the quarry. At Harlem Mr. Carey

Paul owns a quarry, worked by Daniel Bennett, which embraces about

twelve feet in perpendicular section, of uniform beds of two to six

inches. Mr. A. S. Scott's land joins Paul's below, and contains two

opened quarries that supply, like Mr. Paul's, considerable valuable stone.

The horizons of Mr. Scott's quarries are identical, and embrace the fol-

lowing descending section :

Section at Scott's Quaeky, in Harlem Township.
No. 1. Drift ._ 3 ft.

" 2. Beds three to four inches, with shaly interstratiflcation 12 "

" 3. Beds eight to twelve inches 4"

Total : 19 "

' These quarries are in the southern corner of Harlem township, on

small tributaries to Duncan's Creek, and are probably in the upper por-

tion of the Berea grit.

Still further south, and adjoining Mr. Scott's, is Sherman Fairchild's

section, which embraces good stone, and lies in a very favorable situation

for drainage of the quarry. It is composed of beds of two to eight inches,

with shale, making six feet exposed.

In the N. E. J section 1, Berkshire, on the farm of Truman Perfect,

beds belonging to the Berea have been considerably wrought formerly.

The exposure occurs along a ravine which also crosses Mr. C. C. Bricker's

farm, where similar beds have been opened, but feebly worked. In the
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north-west corner of Porter township Mr. Seymour Chambers owns a

small opening in beds that belong to the Berea. The quarry is in the

left bank of Walnut Creek, and shows five feet of beds that are from

two to three inches in thickness. In the N. E. J section 4, Kingston,

Mr. James Stark has opened the Berea along the Little Walnut. The

beds are thin, varying from two to four inches.

In general, the Berea grit in Delaware county is a very excellent stone

for all purposes of building, and is very extensively wrought at Sunbury.

It appears, however, to be of a finer grain than in the northern part of

the State, and the massive beds that characterize it in Lorain county

are entirely wanting.

Cleveland Shale.—The Bedford shale, which occurs below the Berea in

the northern part of the State, seems not to exist in Delaware county.

The Cleveland, likewise, has not been certainly identified. This is

partly owing to the meagerness of the exposure of the beds of that hori-

zon in Delaware county, and partly to the difficulty of distinguishing,

without fossils, the Cleveland from the black slate (Huron shale). This

uncertainty is augmented by the attenuation or non-existence of the

Erie shale, which separates them by a wide interval in the northern

part of the State. There are a few exposures of black or blackish shale

in the banks of Walnut Creek in Berkshire township that may be

referred to the Cleveland.

This stratigraphical horizon is also exposed below Mr. James Stark's

quarry, on section 4, in Kingston township, near a saw-mill. Fragments

of sandstone and of silicious limestone are strewn along the bed of the

creek, mingled with northern bowlders. The limestone bed from which

these fragments were derived was met in digging for the foundations of

the mill. It is in a single bed, and is comparable to that which occurs

at South Woodbury, in Morrow county. It is here, however, five to eight

inches thick, and is said to be inclosed in the shale. The shale is blue,

varying to purplish, through the presence of bituminous matter. It

crumbles under the weather. Passing from the mill, a few rods down

the creek there are seen two beds of this limestone, the upper about one

and a half inches in thickness and the other about three inches. They

are separated by four inches of shale, and have a coarse-grained, rusty

coating, as at Mandeville's quarry in North Bloomfield, Morrow county.

Huron Shale.—This shale has a full development in Delaware county.

Its outcropping belt is from eight to ten miles wide, and is divided by

Alum Creek into about equal parts. It graduates downward into a shale

which is much less bituminous and .has a bluish color, and which lies

directly on the blue limestone quarried at Delaware. It has occasional
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outcrops on the west side of the Olentangy, but that stream lies, almost

without exception, along the western edge of the black slate or of the

shale underlying. Alum Creek, and nearly all of its small tributaries,

afford frequent sections of the Huron shale ; but they are so unconnected,

and have so great a resemblance one to the other, that they can not be

correlated. Hence no correct statement of the thickness of this shale

can be given. It has been estimated at about 300 feet.

It would be impossible to mention every point at which this shale is

exposed in Delaware county; hence only those outcrops will be noted at

which some features are disclosed which throw ligbi on the general

character of the formation.

In the bank of the East Branch of the Olentangy, near the center of

section 1, Marlborough township, at Kline's factory, the following section,

in descending order, was taken. It belongs to the lowest part of the

Huron

:

Section at Kline's Factory.

No. 1. Thin, bituminous and brittle, similar to the exposure at

Cardington, Morrow county ' 7 ft.

" 2. Blue shale; calcareous, hard and compact, parting con-

choidally ; less hard and enduring than limestone ; con-

cretionary, irregular and bilging ; seen in the bed of the

river ; this may not be a constant layer ; seen 6 in.

Total 7 " 6
"

Thirty or forty rods below the bridge over the Olentangy, just below

the union of the East and West Branches, Troy township, the same hori-

zon is exposed in the left bank of the river, on Jos. Cole's land, covering,

however, more of both numbers, as follows

:

Section in Hdeon Shale on Jos. Cole's Land, Troy Township.

No. ] . Black slate, the weathered surface of which is divided

into very thin beds ; includes two beds, of an inch or

two each, of less bituminous shale, which is blue, if

damp, but brown when dry and rusted 23 ft.

" 2. Blue shale, yet in regular, thin bedding 6 in.

" 3. SameasNo.l 4"
" 4. Bluish or purplish shale, in thin beds 3" 6

•'

" 5. Black slate 8
"

" 6. Massive blue shale, weathering out superficially in small

rounded pieces or short cylinders, the upper ends of

which are convex and the lower concave, the equiva-

lent of No. 2 at Kline's factory 1" 3 "

" 7. Blue bedded shale ; seen i, 3 "

, Total 32" 6
"
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The black slate also appears in the bed of the river about a mile below

Cole's, on the land of David Dix and Henry Main, and in the bed of Horse-

shoe Run, in the south-east part of Troy township.

In No. 1, above, are large concretions of hard, black limestone, which

are horizontally marked with parallel ridges .or rings. When broken,

some of them show small gashes or wafer-like cavities. These concre-

tions are common near the base of Huron shale, and are often quite

round, though they more usually show the form illustrated by the figure

below.

Concbetion in the«Black Slate, Delawake County, Theee and a Half Feet in Diameter.

Besides those black concretions, there are some irregular calcareous

masses that are blue and very hard. These calcareous masses in the lower

portion of the Huron seem to indicate the waning of that condition of

the ocean that deposited the Hamilton.

At Delaware, a quarter of a mile below the railroad bridge over the

Olentangy, the Huron shale appears in the left bank of the river, under-

lain by the shale which has been regarded the equivalent of the Hamil-

ton. There are no fossils in this underlying shale at Delaware proving

its Hamilton age, and it will be referred to in the following pages, to

avoid a possible misuse of terms, as the Olentangy shale. The slate is

of its usual thin beds, with some calcareous layers, which are black, and
about half an inch thick, hardly distinguishable from the slate itself.

Here are also the round, calcareous concretions, technically called septaria,

common to the lower portion of the black slate. The line of contact

of the slate with the shale underlying is quite conspicuous at some dis-

tance from the bluff, the shale weathering out faster, allowing the tough

beds of slate to project.
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Section at Delaware, Covering the Lower Part op the Huron Shale and thb
Whole of the Olentangy Shale.

No. 1. Black slate (Huron shale) 30 ft.

" 2. Blue shale, without fossils, in thin beds or massive,.. 8 "

" 3. Blue limestone 4 in.

" 4. Shale, like No. 2 1" 4"
" 5. Blue limestone 3 "

" 6. Shale, like No. 2 5"
" 7. Alternations of blue shale and black slate 4"
" 8. Blue shale, like No. 2 4"
" 9. Shale, with concretions of blue limestone that part

under the weather conchoidally like massive shale.

These hardened calcareous masses are not regularly

disposed with respect to each other, but fill most

of the interval of six feet. They are six to eight

inches thick, and two to three feet wide horizon-

tally* 6 "

" 10. Shale ? (sloping talus), not well exposed 10"
" 11. Bituminous, nearly unfossiliferous, limestone, of a

black or purplish-black color, hard and crystalline.

This black limestone shows a few indistinct bi-

valves. One, which is large and coarse, appears to

be Avicula pecteniformis, Hall; seen 3 "

" 12. Interval, rock not seen 5"
" 13. Section at Little's quarry, in the blue limestone (see

page 96). The upper portions of this are quite

cherty and pyritiferous. It may be 25 "

Total 101 " 11 "

Above Delaware the black slate and the Olentangy shale are frequently

seen in the left bank of the river. The strike of the slate runs a little

east of the river at the city, passing through and forming the bluff on

which East Delaware is situated. The concretions of black limestone are

from three inches to three and four feet in diameter, and sometimes

much larger. Of these Dr. J. S. Newberry says, in the Eeport of Progress

for 1869, p. 19:

" Much of the doubt which has hung around the age of the Huron shale has been

due to the fact that it has been confounded with the Cleveland shale, which lies

several hundred feet above it, and that the fossils (without which, as we have said,

it is generally impossible to accurately determine the age of any of the sedimentary

rocks) had not been found. Yet, with diligent search, we have now discovered not

only fossils sufficient to identify this formation with the Portage of New York, but

the acute eye of Mr. Hertzer has detected, in certain calcareous concretions which
/ ;

* No. 9 here appears the same as No. 6 near the base of the section at Cole's, in

Troy township.
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occur near the base, at Delaware, Monroeville, etc., fossils of great scientific interest.

These concretions are often spherical, are sometimes twelve feet in diameter, and
very frequently contain organic nuclei, around which they are formed. These nuclei

are either portions of the trunks of large coniferous trees allied to our pines, replaced,

particle by particle, by silica, so that their structure can be studied almost as well as

that of the recent wood, or large bones. With the exception of some trunks of tree

ferns which we have found in the Oorniferous limestone of Delaware and Sandusky,

these masses of silicified wood are the oldest remains of a land vegetation yet found

in the State. The Silurian rocks every where abound with impressions of sea weeds,

but not until now had we found proof that there were, in the Devonian age, conti-

nental surfaces covered with forests of trees similar in character to and rivaling in

magnitude the pines of the present day.

" The bones contained in these concretions are those of gigantic fishes, larger, more
powerful, and more singular in their organization than any of those immortalized by
Hugh Miller. These fishes we owe to the industry and acuteness of Mr. Hertzer, and
in recognition of that fact I have named the most remarkable one Dinichthys Hert-

zeri, or Hertzer's terrible fish. - This name will not seem ill-chosen, when I say that

the fish that now bears it had a head three feet long by two feet broad, and that his

under jaws were more than two feet in length and five inches deep. They are com-
posed of dense bony tissue, and are turned up anteriorly like sled-runners ; the ex-

tremities of both jaws meeting to form one great triangular tooth, which interlocked

with two in the upper jaw seven inches in length and more than three inches wide.

It is apparent, from the structure of these jaws, that they could easily embrace in

their grasp the body of a man—perhaps a horse—and as they were doubtless moved!

by muscles of corresponding power, they could crush such a body as we would crack

an egg-shell."

One mile north-west from Delaware, Mr. Nathan Miller struck the

black slate, on the west side-of the Olentangy, at the depth of twenty-one

feet, in digging a well. It may also be seen along a little ravine tribu-

tary to the Delaware Run, near Mr. Miller's farm, on the land of C. 0.

and G. W. Little. Limestone only is seen in the bed of the run a few

rods further west. It is blue and fossiliferous. A short distance still

higher up the run the black member (No. 11 of the section taken in the

Olentangy at Delaware) is seen in the bed of the same run.

About a mile and a half below Stratford a little stream comes into the

Olentangy from the east, bringing along in freshet time a good many
pieces of black slate. About a hundred rods up this little stream the

beds of the black slate appear in situ in the tops of the bluffs, the Olen-

tangy shale, with its full thickneks of about thirty feet, being plainly

exposed near its junction with the slate, while in the river the limestone

beds of the Upper Corniferous are spread out over a wide surface ex-

posure.

In Liberty township, two and a half miles south of Stratford, the

black slate may be seen on the farm of Mr. J. Moorhead, on the west side
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of the Olentangy, in the banks of a ravine the distance of a mile from

the river. For a considerable distance from this point, in descending

the Olentangy, the banks show frequent exposures of the limestone.

Near Mr. Wm. Case's quarry, five and a half miles below Stratford, the

black slate may be seen by ascending a little ravine that comes in from

the east. The section here is given in describing the Upper Corniferous.

Just at the county line the slate appears in full force again in the left

bank of the river, little streams bringing fragments from the west side

as well as from the east?. A perpendicular exposure on land owned by
Granby Buell of about forty feet consists of about five feet of shale at the

bottom. It is also seen on the west of the Olentangy, by ascending a

ravine near the county line, on Archibald Wood's land, and again, by
ascending another ravine about three-quarters of a mile north of the

county line, on the land of F. Bartholomew, and it seems to extend about

two miles west of the Olentangy at its point of exit from Delaware

county.

Olentangy Shale.—This name is given to that bluish and sometimes

greenish shale which is so extensively exposed in the banks of the

Olentangy River, in Delaware county, and which underlies the black,

tough, but thin beds of the Huron shale. It has a thickness of about

thirty feet. No fossils have been found in it. It is interstratified with

a little black slate, and in some of its exposures it bears a striking

resemblance, at least in its bedding, to the Huron shale. The section

which has already been given of its exposure at Delaware is the most

complete that has been taken, and very accurately represents its bedding

and characters wherever seen in the county. It lies immediately upon
a hard, blackish, sometimes bluish, crystalline, pyritiferous limestone,

or on the beds that have been denominated Upper Corniferous in reports

on the counties of Sandusky, Seneca, and Marion. In the county of

Franklin, and further south, it is said to be wanting, and the black slate

lies immediately upon, the same limestone beds. It is also wanting in

Defiance county, the black slate there also lying immediately on the

beds that contain the only Hamilton fossils there yet discovered. This

shale embraces occasionally a course of impure limestone that has a blue

color and a rude concretionary appearance. On account of easy quarry-

ing, it is a constant temptation to the people to employ it in foundations.

It is found, however, to crumble with exposure after a few months or

years, and change into a soft shale or clay. Large blocks of it are washed

out from this shale just below Waldo, in Marion county, by the force of

the water coming over the dam at the mill, and have been somewhat
used by Mr. John Brundage, near Norton, in Marlborough township.
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This shaly limestone near the base of the Olentangy shale is immedi-

ately underlain by a very hard crystalline limestone, which is sometimes

black, but frequently purplish, containing pyrites in abundance and

very few evident fossils. It is exposed and quarried just below Waldo,

in Marion county, but is nowhere wrought in Defiance county. It is a

persistent layer, and occurs in Defiance county. In the report on the

geology of Marion county it has been referred to the Hamilton, where it

probably belongs, and seems to represent the Tully limestone of New
York. *

The following section in the Olentangy shale will further illustrate

the bedding and nature of this member of the Devonian. It occurs

along the banks of a little creek that enters the Olentangy River from

the west, on land of F. Bartholomew, south-east of Powell

:

Section in the Olentangy Shale, in Liberty Township.

No. 1. Black slate, with black limestone concretions 20 ft.

" 2. Blue shale, bedded like the slate, but softer 3" •

" 3. Black limestone, in a broken, lenticular, or concretionary

course 8 in.

" 4. Same as No. 2 5" 4"
" 5. Blackslate 2"
" 6. Shale, same as No. 2 .' 2"
" 7. Blue, irregular, shaly limestone, appearing concretionary

;

the same as that washed out of " blue clay" near Waldo

;

comes out in blocks ; in one course 4 "

" 8. SameasNo.2 10"
" 9. SameasNo.5 :

3"
•' 10. Same as No. 2 : 2 "

"11. Same as No. 5 1 "

"12. SameasNo.2 6 "

" 13. Same as, No. 5 , 1
"

" 14. SameasNo. 2 1 " 2 "

"15. SameasNo.5 4"
" 16. SameasNo. 2 '.

: 1
"

"17. SameasNo.5 1
"

"18. SameasNo.7 8 "

" 19. Shaly (not well seen).... 15 " ?

" 20. Hard, dark blue, bituminous limestone, with much chert

and pyrites ; the chert is black, and hard as flint ; beds

three to twelve inches (well exposed) 9" 6 "

" 21. Thinner blue beds, with vermicular or fucoidal marks, and

little chert ; fossiliferous ; sometimes coarsely granular and

crinoidal, but mainly earthy or argillaceous, and tough

under the hammer ; within, this is in beds of six to twelve

inches 6
"
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No. 22. Limestone in thin or slaty beds, so contorted and yet ag?

glomerated by chert (which forms nearly one-half of the

mass) that the whole seems massive ; the chert is dark.. 3 ft. 6 in.

" 23. Beds of blue limestone of four to ten inches, alternating

with chert beds of one to four inches ; these limestone

layers weather into beds of one to two inches 4
"

" 24. Thin slaty beds, with alternating chert beds, the latter

about an inch thick ; where this number forms the bed

of the creek it does not appear slaty, but massive and

smooth,like a very promising building stone; the citeek,

where it enters the river bottoms, is on this number,

and nothing more is seen , t 6 "

Total.... 80 " 8
"

These limestone beds have been quarried for the building of Mr.

Bartholomew's residence. They are none of them conspicuously fossil-

' iferous.

Hamilton and Upper Coniferous.—These names are here associated, be-

cause whatever Hamilton fossils have been found in the county have

been detected in that formation that has been described in reports on

other counties as Upper Corniferous, and because it seems impossible to

set any limit to the downward extension of the Hamilton, unless the

whole of the blue limestone be Hamilton. The shale which has, been
' described as Olentangy shale was at one time is yarded as the only equiv-

alent of the Hamilton, from the occurrence of Hamilton fossils in a shaly

outcrop at Prout's Station, in Erie county. But after the survey of the

county revealed no fossils in that shale, it became evident that it could

not be the equivalent of the very fossiliferous outcrop at Prout's Station,

and should not bear the name of Hamilton. That shale partakes much
more largely of the nature of the Huron than cf the Hamilton. The

name Corniferous is made by Dr. Newberry to cover the whole interval

between the Origkany and that shale, the Hamilton being regarded as

running out into the Corniferous, its fossils mingling with typical Corn-

iferous fossils. In the State of Michigan, however, the term Hamilton

has been freely applied to these beds, the Corniferous, if either, being

regarded as reduced. The lithological characters of the Michigan Ham-
ilton are the same as those of the Upper Corniferous in Ohio, and it is

hardly susceptible of doubt that they are stratigraphically identical. In

Ohio there is a very noticeable lower horizon that should limit the Ham-
ilton, if that name be applicable to these beds, and if palseontological

evidence will not limit it.*

* A few words of explanation are necessary in connection with the remarks of

Prof. Winchell, which follow

:

1st. The shale bed, which is described above under the name of Olentangy shale,

19
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The blue color, close, crystalline texture, frequent argillaceous depos-

its, and regularity of beds, as well as the occurrence of Hamilton fossils

through the whole of the Upper Corniferous, as described in the reports

on the counties of Sandusky and Seneca, and more especially of Pauld-

ing and Defiance, are indications that the Hamilton characters pertain-

ing to the formation are confined to the upper thirty-five feet. These

characters are very well displayed in the quarries at Delaware, Marion,

and Sandusky, while the characters of "the Lower Corniferous, as the

term has been used by the writer, are seen at the quarries at Delhi, in

Delaware county, and at Marblehead, north of Sandusky Bay. It is also

well exposed in the creek bluffs at Bellepoint, in Delaware county, al-

though at that place the beds exposed lie below the Delhi beds.

The upper surface of these beds can be seen on the Olentangy, near

Norton, on the land of J. B. Wyatt, Mary Wyatt, and of John Brundage,

where they have been opened for building stone. They are also quarried

near Waldo, in Marion county, in a similar situation, in the bed of the

Olentangy. The only other undoubted exposure of the very highest

beds belonging to this formation that is known occurs near Delaware,

likewise in the bed of the Olentangy. It is mentioned in the section of

is supposed by Prof. Winchell to be the rock specifically referred to as the probable

equivalent of the Hamilton. In this he is in error, as the bed referred to as a possi-

ble representative of the Hamilton in Delaware county is one described by Mr. Hert-

zer as a light-blue marly stratum, containing concretions with fish remains different

from those of the overlying Huron. It would seem from Prof. WinchelPs report that

he has not encountered this deposit. His Olentangy shale, without some evidence

to the contrary, I should regard, as he does, as merely a subdivision of the Huron

shale.

2d. The Tully limestone ? of Prof. Winchell's sections is certainly Hamilton, as I

have obtained from it Tropidoleptis carinatus, Pterinea flabella, Nyassa arguta, Spirifera

mucronata, etc. That it is the equivalent of the Tully limestone'is not indicated by

any evidence yet obtained. '

3d. The relations of the limestone called Hamilton by Prof. Winchell—the equiv-

alent of the " Sandusky limestone " of our reports—which I have considered a por-

tion of the Corniferous group, is discussed in the remarks on the Hamilton group,

Vol. I., Part. I., pp. 144-149, and in the report on Erie county, which forms part of

this volume. By reference to the passages referred to, I think it will be seen that the

weight of evidence is decidedly in favor of its being of Corniferous age.

The cherty layers which lie between the Huron shale and the quarry-stone at Del-

aware are probably Hamilton, but the quarry-stone itself, though containing some

fossils which are common to the Hamilton and the Corniferous, has never yielded me
any exclusively Hamilton fossils. On the contrary, I have obtained from it quite a

number of Corniferous species—such -as Spirifera gregaria, S. macro,, Strophodonta hemi-

xpherica, Peutamerus aratus, which are never known to ascend into the Hamilton.

J. s. N.
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the shale outcropping there, under the head of the Huron Shale, and is

described as a black limestone, hard and crystalline. (No. 11, p. 90, of

the section at Delaware covering the Olentangy shale.) It is also in-

cluded in No. 20 of the "section in the Olentangy shale, in Liberty

township."

The exposure near Norton does not show so dark a color, but varies to

a blue. It occurs' there in even, thick courses, that would be extremely

difficult to quarry except for the natural joints by which the layers are

divided into blocks. The same is true of its outcrop near Waldo. In

both places it is a hard, ringing, apparently silicious, tough, and refrac-

tory limestone, some of the blocks being over two feet thick. It is a

very reliable building stone, but the abundance of pyrites that is scat-

tered through it makes it very undesirable for conspicuous walls. It is

exceedingly fine-grained, and but slightly fossiliferous. At these places

not more than four or five feet of this stone can be seen, but it has an ob-

served thickness in the southern part of the county of about nine and a

half feet. It seems to retain a persistent character, for the same stratum

is seen to form the top of the Upper Corniferous in Defiance county, on

the west side of the great anticlinal axis. It is believed to be the equiv-

alent of the Tully limestone of New York.

Below these very hard and heavy layers comes the stone quarried ex-

tensively at Delaware. The quarry of Mr. G. W. Little shows about

eighteen feet of bedding, in courses three to fifteen inches thick. It is

for the most part in a very handsome, evenly-bedded blue limestone that

shows some coarse chert, and, in places, considerable argillaceous, matter,

which renders the walls built of it liable to the attacks of the weather.

The features of the Hamilton here seem very conspicuously blended

with those that have been designated more distinctively as belonging to

the Corniferous. The fossils are not abundant throughout the whole,'but

between certain thin beds many bivalves

—

Cyrtia Hamiltonensis, Spirifera

mucronata, Strophomena (rhomboidalisf), Strophomena demissa—and one or

two species of Discina, and various vermicular markings, are, common.

In some of the heavier beds the fish remains that have been described by

Dr. Newberry, from the Corniferous at Sandusky, are met with, as well

as the large coils of Cyrtoceras undulatum.

Mr. Little's section is as follows, in descending order, dip east

:

. Section in the Hamilton at Delaware, Ohio—Quarry ov 0. W. Little.

No. 1. Beds thin (because weathered) and faded, showing rather

gray than blue, fossiliferous with bivalves, specially with

Strophomena (rhomboidalis

t

), shown .: 2feet.

" 2. Thin, irregular beds, consisting mostly of chert nodules 2 "
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No. 3. The mass of the quarry : blue limestone, with some bands
of impure chert ; beds usually two to five inches, but
sometimes ten to fourteen inches; contains Cyrlia, Dis-

tinct,, Strophomena, Spirifera 16 feet.

Total 20 "

In the vicinity of Delaware are several other quarries in the same
beds, viz.

:

i G. W. Campbell's, a short distance north-west of Mr. Little's,- on the

same section.

Harris Allen's quarry is about a mile south-east of Mr. Little's, in the

right bank of the Olentangy. It is on the same horizon, and presents

the same features. At Mr. Allen's quarry some blue flagging may be

seen in process of decay under the action of water and frost, returning

apparently to shale or clay, the fossils, Cyrtia and Sprirfera, becoming dis-

engaged, producing a deposit that may be compared to the shale in

which these fossils abound, and which has been termed Hamilton, where
an outcrop occurs in Erie county. This quarry also shows Tentaculites,

the same as at the quarry of Mr. Kawlin, at Sandusky.

Peter Zimmerman's quarry is a little above Mr. Allen's, but in the

same layers. They both show a slight dip north or north-east. The same
rock is more or less exposed in the river 'from Delaware to the mill, three

miles below. Daniel Kline's quarry is situated here, also Jos. Slough's.

The bed's quarried by MrALittle are exposed in the left bank of the

Olentangy, about two miles above Delaware, on land of Matthis Kruck.

They form here a rapid across the river, and have been quarried. They
have also been a little wrought by Frederick Ziegler and Wm. Siegfried,

as well as by Thomas Slough, all adjoining or near Mr. Kruck. Stone

from the river along here has been used in the construction of several

farm residences and barns. Mr. Slough's large mill is also built of it.

The same or similar beds are seen in the Olentangy at the center of

Troy township, and have been opened for building on the land of J. C.

Main and of W. G. Norris.

Peter "Wiser's land, on the right side of the creek, half a mile below

the mouth of Norris Run, shows this stone, and it has here been opened

also for quarrying.

At Stratford there is ample exposure of the Hamilton beds similar to

the section already taken at Mr. G. W. Little's, though but little active

quarrying. Several houses, barns, mills, and churches at Stratford vil-

lage have been erected of this stone.

About two miles below Stratford are,James Bieber's mill and quarry.



DELAWARE COTTNTJ. 293

Beds the same as the Delaware stone. Mr. J. A. Clark's is half a mile

above Mr. Bieber's.

Between two and three miles below Stratford the Lower Corniferous

appears on both sides of the river, and is described under the head of

Lower Corniferous. But about fifty rods still further down the right

bank, shows the Hamilton, or Upper Corniferous, again, having a thin

and almost slaty appearance as the edges of the layers are exposed in the

river bluff. In some parts these beds here are thickly crowded with

Spirifera, Oyrtia, and Strophomena; these, indeed, being the only conspicu-

ous fossils. These beds closely overlie the above mentioned Lower Corn-

iferous, although the superposition could not be discovered, showing the

continuance of Hamilton fossils well down into the Delaware stone.

At a point about five miles and a half below Stratford, Mr. William

Case has a quarry on the left bluff of the river, in beds at the horizon of

the base of the Delaware stone. A little above this quarry a ravine

joins the river from the east, its sides affording a fine connected section

through the Olentangy shale, and the whole of the Delaware limestone,

into the Lower Corniferous. The shale and overlying Huron are seen in

ascending this ravine, about fifty rods from the river. Descending this

aravine, and including the rock exposed below Mr. Case's quarry, where a

very prominent bluff is formed by the erosion of the river, the following

succession of beds appears

;

Section Through the Olentangy Shale anb Hamilton Limestone, .Five and a
Half Miles below Stratford,.

No. 1. Black slate (Huron shale), seen 10 feet.

" 2. Blue, or bluish-green, bedded stale ; non-fossiliferous, em-

bracing sometimes layers of black slate, like No. 1, of 3 or

4 inches in thickness ; 'poorly exposed (Olentangy shale),

about... 30 "

-" 3. Bituminous; dark blue, or black limestone ; non-fossiliferous,

rather rough, hard, and with some black chert, or flint

(Tully limestone?) .-... „ 1 u

" 4. Thin, blue, tough, finely crystalline beds, containing consid-

erable black chert, or flint, associated with pyrites ; in the

lower portion in beds of 4 to 1-6 inches; but little fossil-

iferous (Tully limestone?), about ,.„ 8 "

" 5. Beds 4 to 6 inches, slightly fossiliferous ; embracing some

bituminous, slaty shale in irregular deposits about crowded

concretions (Hamilton limestone?) 14 "

** &. Tough, bluish-gray, slaty beds of impure' limestone, of the

thickness of J to J an inch, with , considerable chert

(Hamilton?) „ .'.'. B u
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Ko. 7. Heavier beds (6 to 20 inches), but of the same texture as the

last ; fossiliferous ; blue ; the horizon of the best quarries

at Delaware, showing the usual fossils and lithological

characters (Hamilton?) 6 feet.

" 8. Crinoidal beds, fossiliferous, of a lighter color ; not showing

blue
;
generally massive, or 8 to 36 inches, but weathering

into beds of 3 to 5 inches (Oorniferous limestone) 6 "
" 9. Heavy or massive beds of crinoidal limestone, which weath-

ers off by crumbling into angular pieces of an inch or two ;

light gray, or buff; with large concretions of chert be-

tween it and the last. This seems to contain all the fos-

sils characterizing the Lower Corniferous, as that term has

been used in reports on other counties. Below, becoming

more bituminous, less crinoidal, but equally fossiliferous

(Corniferous limestone), seen 11 "

Totalseen ....„ 94 "

There is a strong dip here to the east. Mr. Case's quarry .is in No. 7.

From this place to near the county line the Delaware limestone is ex-

posed frequently along the right hank of the river, but nowhere afford-

ing so complete a section as that at Case's, till finally it entirely goes

below the water, and the shale and slate take its place in the banks.

About a mile and a quarter south of Bellepoint, on the west side of the

Scioto, the Upper Corniferous is opened by W. T. Ropp, M.D., and Wil-

liam Cutler. The amount exposed is about three feet, though a " sink-

hole " in the center of Dr. Ropp's quarry, which allows the disappear-

ance* of a considerable stream in freshet time, affords the means of an

imperfect inspection of about ten feet more. Beds lie nearly horizontal,

or show a slight dip north. Dr. Ropp's well, fifty rods north of his

quarry, struck the same' limestone. After passing fifteen or eighteen

feet into the blue stone, the beds quarried at Delhi were encountered.

At the ' river, directly east of Cutler's quarry, the lower portion of the

Corniferous is seen on Dr. Ropp's land exposed about ten feet. About

midway up the bank, intermediate between the quarry and the river,

the Delhi beds are seen in prominent outcrop on the land of Dr. Ropp.

About half a mile south of Cutljer's quarry the heirs of Leander Stone

own a quarry in similar limestone. One mile still further south Mr.

Perry Marsh -has another quarry in the same beds, situated in a ravine

tributary to the Scioto. Beds from four to six inches. Brainerd Willis

has a quarry three-quarters of a mile south of Bellepoint, about a quar-

ter of a mile east of the Scioto, said to be in the blue limestone. Elijah

Kent has a blue stone quarry opposite the sulphur spring, on the east

side, of the Scioto, situated half a mile' from the river. The line of the
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separation between the blue Delaware limestone and the Delhi limestone

seems to cross the Scioto at or near Bellepoint, perhaps a little south of

that village.

About three-quarters of a mile below Sulphur Spring Station, Wild

Cat Run ioins the Scioto from the east. It is deeply and almost aston-

ishingly < ut into the hard limestone beds, across which it keeps a fresh

section < f the layers finely exposed. At the top of the bluff, where one

reaches the general level by ascending the bed of this ravine (dry the

most of the year), Mr. Peter Burlet has a fine quarry in the Delaware

beds of the Corniferous. Near him Fred. Burlet has another. From the

latter there is a continuous exposure to the level of the Scioto, where

Mr. Richard Colvin's quarry and kilns for lime-burning are operated by

Charles G. Schmidt. Uniting all these exposures, the following section

may' be made out, in descending order :

Section at Colvin's Limb Kilns, nbak Bellepoint.

No. 1. Blue, hard beds, of from 4 to 10 inches, of Delaware stone,

seen in the quarries of Peter and Fred. Burlet 9 ft.

" 2. Heavy layers of Delhi stone ; thin-bedded when weath- .

ered. Sixteen or seventeen years ago these beds were

extensively wrought for the abutments and piers of

the railroad bridge over the Scioto, near here. Very

heavy, large blocks were taken out, yet these layers

are generally seen but 3 or 4 inches thick where

weathered. Fred. Burlet's quarry is just on the top

of these layers, including 3 feet of the Delaware stone.

The ravine below Fred. Burlet's shows of these Delhi

layers about 28 *•'
.

" 3. Bluish, hard, less fossiliferous, but having some large

cephalopods; beds heavy 10 "

" 4. Very fossiliferous with corals, particularly with a large,

massive, globular Favosites, with Stromatopora, Chsetetes,

and crinoidal remains ; the bedding becoming thinner

than in the last, and tortuous, with bituminous de-

posits and films. The color is brown, the stone much
softer than in No. 3*..... ... 3 " 6 in.

" 5. Six-inch beds of soft, bituminous, even-grained, mag-

nesian limestone, with some chert, seen 6 "

Total exposed , 56 " 6 "

Colvin's quarry is in the Delhi beds of the Lower Corniferous, near the

''bottom. The common fossils are seen here in the usual abundance. The

* Perhaps Nos. 3 and 4 should be in one, the fossils and bituminous matter varying

from one horizon to the other, causing the difference in lithological aspect.
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stone is also somewhat blue, or brown-blue, and hard, near the bottom.

The bituminous matter which, when very finely disseminated, seems to

cause the bluish and brownish colors, is stronger near the bottom, but

the stone remains hard and sonorous.

Lower Comiferous.—That limestone which, in reports on the counties of

Sandusky, Seneca, Crawford, and Marion, the writer has desigi; ited "Lower

Corniferous," is divisible, on account of strong lithological and palseontolog-

ical differences, into two well-marked members. The upper member, well

exposed and extensively burned for lime at Delhi, in Delaware county, lies

immediatelybelow the blue limestone quarried at Delaware, as may be seen

by reference to the last foregoing section, and has a thickness of about

twenty-eight feet. It is of a light cream color, crystalline or saceharoidal

texture, quite fossiliferous, and usually seen in beds of three or four

inches. It is rather hard and firm under the hammer. It makes a lime

not purely white, but of the very best quality. When this stone is

deeply and freshly exposed, it is seen to lie in very heavy layers, and as

such it would furnish a fine crinoidal marble for architecture. Its most

conspicuous fossils are brachiopods of the genera Strophomena (?), Atrypa,

Chonetes, and others, with one or two genera of gasteropods, and occasion-

ally a specimen of Cyrtoceras undulatum. There may also be seen in these

beds different species of Oyathophylloids, trilobite remains, and fish-spines

and teeth. This member of the Lower Corniferous occupies the position,

relatively to the Hamilton, of the Corniferous limestone of New York,

though it is not possible at present to say it is the equivalent of that

formation. It would thus be the upper member of the Upper Helderberg

of that State. It has a thickness of about twenty-eight feet.

Below the Delhi limestone is a fossiliferous belt of limestone, often of a

bluish color and bituminous character, ten to fifteen feet thick, character-

ized by corals in great abundance. In the central part of the county of

Delaware this belt is chiefly fossiliferous in the lower three or four feet,

the remainder being rather hard, but of a blue color. The southern part

of the county, however, seems to be without this bluish and highly coral-

line member, the Delhi beds coming immediately down on the second

division of the Lower Corniferous. The corals found here are Favosites,

Ccenastroma, Stromatopora, and Cyathophylloids. This belt is met with

in Crawford county, and seems to prevail toward the north as far as Erie

county.

The second division of the Lower Corniferous is a light-colored, even-

bedded, nearly non-fossiliferous, vesicular or compact magnesian lime-

stone, which makes a good building stone, being easily cut with common
hammer and chisel, and has a thickness of about thirty feet. It is apt
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to appear somewhat bituminous and of a dirty or brown color when con-

stantly wet, but under the weather it becomes a light buff. The upper

half of this stone is in beds of two to four inches, the lower in beds of

one to three feet. Near the bottom it becomes arenaceous, and even con-

glomeratic, passing into the Oriskany sandstone, which has a sudden

transition to the Waterlime of the Lower Helderberg. It seems to have

many of the lithological features and the persistency of the Onondaga

limestone of New York, and may be provisionally parallelized with that

formation. The fossils are generally absorbed into the rock, casts or

cavities only remaining; yet a Cyathophylloid and a coarse Pavositoid

coral have been seen.

"Where the Scioto crosses the southern boundary of the county the fol-

lowing section was taken, in descending a ravine from the east, on the

land of Abram Butts :
'

Section near the South Line of Delaware County, in the East Bank op the
Scioto.

No. 1. Delhi beds; this stone is very fossiliferous. It is hard, sonor-

ous, and more or less crinoidal, some joints being seen in

almost every fracture. It is light-colored, rarely showing a

blue or a bituminous tint. It presents mural surfaces, with

a crumbling disintegration, under the weather, the pieces

falling out being an inch or two across. This is a charac-

teristic of these beds (Corniferous limestone) 20 ft.

" 2. Cherty beds of two to eight inches, of very much the same

texture and color as No. 1, but almost without fossils (Onon-

daga ltmestone?) 10 "

" 3 Heavy-bedded, even, magnesian limestone ; fit for a cut-stone

;

sometimes popularly called sandstone ; beds eight to twenty

inches, but including some thinner and more bituminous

layers about midway, embraced in the thickness of about a

foot ; this has a light buff color when long exposed, but if

much wet it shows a brown color, with bituminous films

;

no fossils seen ; no chert (Onondaga limestone ?); seen 14 "

Total : 44 "

These beds, or similar ones, are more or less exposed from the county

line northward, along the banks of the Scioto, as far as to Millville.

About eighty rods south of Sulphur Spring Station the Delhi beds strike

away from the river toward the east, the river running on the lower

member (No. 3) of the last section. But about a mile above the Springs

these beds return to the left bank of the river, giving it a height, includ-

ing the underlying magnesian beds, of about forty feet.

About two miles below Sulphur Spring Station is John Spero's quarry,



298 GEOLOGY OF OHIO.

in the left bank of the Scioto. It is in the Delhi beds, exposed twelve or

fourteen feet. Stone is hauled from here to Delaware and burned for

lime by Mr. G. W. Corbin.

The water in Mill Creek, at Bellepoint, is on No. 3 of the foregoing

section, taken near the county line, and has excavated a channel in it

to the depth of fifteen feet,, with a heavy-bedded, firm stone of the same

kind in the bed of the creek. Above these heavy layers is a thickness

of twerve feet of cherty beds, varying from four to nine inches, but usually

from four to six. John Jones's lime-kiln is excavated in these beds.

John Courtwright, four and a half miles below Bellepoint, has a quarry

in the same horizon. Daniel Kelly's quarry is on the east side of the

Scioto, a mile and three-quarters below Bellepoint. A quarter of a mile

below Millville, on the east side of the river, are the quarry and kilns of

Mrs. Margaret Evans. The hard, bluish layers of No. 3 of the section at

Colvin's lime-kilns are here wrought for lime-burning, though the bed-

ding here is less heavy than at Colvin's, being generally about three

inches. In the river bank, some distance below the quarry, but just west

of it, the Waterlime is exposed, and was formally burned for lime. It is

distinguished as "the white stone," from the whiteness of the quicklime

made from it, that from the Lower Corniferous being a little dark or

ashen. East from Evans's kiln, a third of a mile from the river, are

seyeral sink-holes seen on the land of W. S. Sipes. On examining these,

the Delhi beds are found to be about fifteen feet below the surface.

What portion of that interval is taken up with those beds, or what is

occupied with Drift, it is impossible to say; but the blue beds of the

Delaware stone should be in situ very near that horizon. These sinks

are on the plains, about eighty feet above the river. The whole tract of

land between the Scioto and the Olentangy, in Delaware county, is liable

to these sink-holes. Very many were met in the survey that are not

mentioned in this report.

The so-called "fire-stone" of William Warren's quarry, half a mile west

of Millville, is the same as that burned for quicklime by Mrs. Evans,

but is overlain at Warren's quarry by two feet of Delhi beds. It is ex-

posed also half a mile further north, on land of C. F. Burner and Thomas

Jones.

The stone placed in the piers of the highway bridge over the Scioto,

at the mouth of Bogg's Creek, was taken from the quarry of Rev. C. H.

Perkins. It is in heavy beds, soft and vesicular, becoming firm after

exposure to the air, and belongs to the lowest member of the Lower Cor-

niferous, No. 3 of the section near the south county line. The quarry

is located on a run tributary to Prairie Run, on the east side of the Sci-
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oto, one mile above Millville. The stone church near this place is made

of the layers of No. 3 of the section at Colvin's lime-kilns.

Samuel Perry's lime-kiln is situated about two miles above Millville,

and a mile east of the Scioto. It is one of that series known as the Delhi

kilns. His quarry affords an exposure of ten feet in the Delhi stone.

The stone is not strictly white, nor even buff, on fracture, but in con-

trast with the blue beds of the Delaware stone it has been denominated

white. It is a light gray, with brownish mottlings, caused by bitumi-

nous matter, weathering buff. The strike of these beds can be traced

by the topography north from Perry's quarry, and they are exposed so

as to induce more or less lime-burning on the land of William Lawrence,

William P. Jones, V. Dildine, John Powell, and P. Jones, and have a

gentle dip generally to the east or south-east. The qua/ry of Philip

Jones is so situated as to include about six feet of the bluish stone seen

at Colvin's lime-kilns lying below the Delhi beds. The upper portion

of his quarry is in the Delhi beds, as follows :

No. 1. Delhi beds 4 ft.

" 2. Blue beds, much resembling the Upper Corniferous, but less

fossiliferous, and more apt to be bituminous. They are hard

and crystalline, with frequent small deposits of calcite 6 "

Total ; 10 "

The gravel pike from Delhi to Middletown runs on the strike of the

Lower Corniferous, from a mile north of Delhi to Middletown, indicated

by a series of gravel knolls and ridges, which have a common direction,

about north-west.

Ascending Mill Creek from Bellepoint, the Lower Corniferous is fre-

quently exposed. About half a mile from Bellepoint, on Richard Pry's

farm, and on those of Samuel and Homer Cole, nearly a mile further,

are bluffs of the heavy, even beds of the Lower Corniferous, which have

been compared to the Onondaga limestone of New York State. At Cole's

the section is as follows, in descending order :

Section on Mill Creek.

No. 1. Very fossiliferous, bituminous beds, 2 to 4 inches, with

Stromatopora, Ccenostroma, Chseteteg, Favosites, etc., seen.. 4 ft. 6 in.

" 2. Heavy, non-fossiliferous, magnesian beds, buff when dry

;

suited for a cut-stone .. 18 "

" 3. Conglomerate, embracing pebbles, sometimes four inches

in diameter, of Waterlime. These are water-worn and

embraced in a matrix of arenaceous magnesian lime-

stone ; no quartz pebbles seen. (Oriskany) 1" 6"
* " 4. Waterlime, seen 2"

Total 26 "
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No. 1 (above) is the equivalent of No. 4 of the section at Colvin's

lime-kilns. The bluish beds which these overlie probably are in some

instances very fossiliferous, and are then undistinguishable from this.

It' seems as if this member may have either character, namely, almost

non-fossiliferous, bluish, or exceedingly crowded with corals, and charged with

bituminous matter in the form of films, scales, and unequal deposits between

the beds, the horizons being identical. When the blue color permeates

the upper portion, without fossils, it seems to be due to an even dissemi-

nation of bituminous particles, in fine subdivision, through the waters

giving the Calcareous sediment, the well-preserved corals and other fos-

sils being restricted to certain localities. No. 2 of this section embraces

Nos. 2 and 3 of the section at the south county line in the east bank of

the Scioto. The thin, cherty layers are not so well defined as usual, and

the thickness of both is somewhat reduced. This is here all a good

building stone, almost free from chert.

At a point two miles west of the Scioto, ascending Mill Creek, the

Lower Corniferous disappears entirely, the Waterlime appearing at the

surface. The general surface features do not indicate the change, the

whole being eroded by creeks, and made rolling or undulating. The

Drift is faded, the rock shattered, and deeply penetrated by infiltration

of dirt. The boundary line between the Lower Corniferous and the

Waterlime passes through Priestley Said's farm, where there are little

quarries in both.

South from Ostrander one mile, on the south side of Mill Creek, in a

little ravine from the south, is Benjamin Bean's quarry. It is in the

fossiliferous member of the Lower Corniferous which underlies the Delhi

beds. It embraces many corals and some brachiopods. It is probably

the equivalent of No. 4 of the section at Colvin's lime-kilns, already

given. Hence the formation shows a dip back to the west, leaving but

a narrow belt of Waterlime. Passing down Mill Creek from the bridge

near Bean's quarry a quarter of a mile, no rock is visible in the banks,

which are of Drift and about fifteen feet high. Fragments, however, lie

about, which belong to the Delhi beds and to the bluish stone directly

below them. About twenty rods still further down, the Waterlime ap-

pears in the bed of the creek.

The Delhi beds are exposed in the banks of the Olentangy about two

and a half miles below Stratford, with a dip to the north'. The rock

here appears massive, but under long exposure parts into beds of one

to three inches. It is crinoidal and crumbling. The bluff seems to be

separable into two parts, as follows

:
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No. 1. * Bedded 3 to 6 inches, light-colored, persistent, and overhang-

ing; crinoidal a 6 ft.

" 1. Massive, crumbling, light-colored 6"
sV ' -

,
,, Total 12 "

After an interval of about fifty rods the Upper Corniferous returns

;

but a mile and a half still further down the crinoidal beds reappear in

the right bank of the river. They are seen in the public road, and
have been opened a little by quarrying.

Oriskany Sandstone.—In Delaware county the Oriskany is much reduced

in thickness from what it is in the northern part of the State, but its com-

position is much coarser, reaching that of a real conglomerate. It is not

over two feet at any point where it has been seen. The pebbles embraced

in it are entirely of the Waterlime, and uniformly rounded as by water

action. Some are four inches in diameter, but in thin pieces. The last

section g-^ven (that on Mill Creek) shows its position in the strata. It

is there plainly exposed, and fades out,- without change of bedding, into

the lowest part of the Lower Corniferous, which sometimes, as in the

county of Sandusky, has been seen to be somewhat arenaceous several

feet above the strong arenaceous composition of the Oriskany. The ex-

posure on Mill Creek, and that in the left bank of the Scioto near the

lime-kiln of Mrs. Evans, are the only points in the county at which
this conglomerate has been seen.

Waterlime.—As already mentioned, the Waterlime appears in the left

bank of the Scioto, near Mrs. Evans's lime-kiln, a quarter of a mile

below Millville, and has been somewhat used for quicklime. It rises

here fifteen feet above the water of the river at summer stage. It is

probable that the bed of the river is on the Waterlime for a mile below

this point, and even to Sulphur Spring Station.

The quarry of John Weaver, about half a mile below Cone's Mill, is

in the Waterlime. The exposure is here in a ravine tributary to the

Scioto from the west. The situation is favorable for profitable quarrying

and lime-burning. The stone is drab, and much shattered. It turns a

light buff after weathering, some of it becoming as white as chalk.

Half a mile, above Millville the Waterlime rises in the right bank of

the Scioto about fifteen feet, the road passing over it. It is visible in

the bed of the Scioto at the crossing known as the Broad Ford. At
Cone's mill is a fine surface exposure of the Waterlime. It has been

somewhat wrought at this place. The beds are quite thin and slaty,

and of a blue color. The texture is close and the grain very fine. In

the bed of the Scioto a stone spotted with drab and blue is quarried a

short distance below Middletown. It is in even beds of four to eight or
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ten inches, and is very valuable for all uses. It is a part of the Water-

lime. Stone of the same kind is found in Bogg's Creek, two miles from

the Scioto, on land of John Irwin. In Thompson township th .Vater-

lime is seen on the farms of Simon Charles and Jonathan Fryman, a

mile and a quarter west of the Scioto, at the road-crossing of Fulton

Creek. It is in thin, blue beds, -the same as at Cone's mill, and has been

used somewhat in cheap foundations. Bogg's Creek, where it enters the

Scioto, is on the Waterlime.

General Section of the Limestones of Delaware County, with their Supposed

Equivalents in New Yore State.

Ohio. Thickness in Feet. New York.

Fissile, argillo-bitnm'ous shale

Very hard, heavy-bedded,
pyritiferous, dark limestone

Blue, even-bedded, four to six

inches, argillaceous — the
"Delaware stone"

Wanting
The Delaware beds (brachio-

pods)
Bluish, often very fossilifer-

ous, with corals, and bitu-

minous
Even but thin-bedded, cherty,

harsh, cream-colored
Heavy-bedded, harsh, cream-

colored, sometimes vesicu-

lar

Wanting
Wanting
Conglomerate
Wanting *....

Wanting
Waterlime

30

4to9

35

28

10

12

15

2 to 3

About 30
in county.

150

10
In central

New York
1,000

100 to 200

30 to 50

10 to 20

4 to 5
50
20

100

Genesee (part).

Tully limestone.

Hamilton. (Sandstone in east-

ern New York ; limestone in
western New York, and
thinner.)

Marcellus.

Corniferous limestone.

Onondaga limestone.

Schoharie grit. 1 Only in east-

Cocktail grit. } em N. Y.
Oriskany.
Delthyris shaly limestone.
Pentamerus limestone.
Waterlime.

The Drift.—Several interesting features pertaining to the Drift, proving

the glacier origin of this deposit and all its features, were first noticed

in Delaware county. Allusion has already been made, under the head

of Surface Features, to the valley of the Scioto, and the contrast its upper

part presents to its lower. Throughout the county generally the beds of

all streams are deeply eroded in the underlying rock, although their

banks are not constantly rocky. This fact is more and more evident to

the observer in, traveling from the north-western part of the county to

the south-eastern. The north-western comer of the county, including
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the townships of Thompson, Radnor, and the northern part of Scioto,

has the features of the fiat tract in north-western Ohio known as the

Black Swamp. The banks of the Scioto are low (ten or fifteen feet), and

consist of Drift, the rock rarely being known in its bed. The Drift ap-

pears fresher and the surface is smoother than in the rest of the county.

A short distance above Millville the banks begin to be rocky, the exca-

vation beginning in the Waterlime, over which it has been running

since it left the western part of Hardin county, but without making the

slightest excavation, rarely revealing it in its bed by rapids. Within a

mile from Millville the amount of erosion in the underlying rock in-

creases to a remarkable extent, and at Sulphur Spring Station, about two

miles below Millville, the erosion -in the rock amounts to sixty or seventy

feet. From there southward the rest of the Scioto valley is between

high, rocky banks. This exemption from erosion in the upper waters of

the Scioto can not be due to the harder nature of the rock there, because

the Waterlime is much more rapidly worn out under such agencies than

the Lower Corniferous, on which it enters at Sulphur Spring Station.

The composition of the Drift about the headwaters of the Scioto is the

same as about the lower portions of its course. It is in both cases a

hard-pan deposit, made up of a mixture of gravel-stones, bowlders, and
clay, rarely showing stratification or assortment—such a deposit as is,

without much difference of opinion, attributed to the direct agency of

glacier ice. The conclusion is inevitable that the lower portion of the

Scioto has been at work digging its channel in the rock much longer

than the upper portion. The slope is in both cases toward the south, at

least that portion of it in Delaware county ; and that agency, whatever

it was, which served to make this change in the valley of the Scioto

from no excavation to deep rock erosion, could not have been quiet,

standing waters over one portion of the valley and not over the other,

since such waters would have retired last from the lower part of the val-

ley, and we should there expect less instead of more erosion. The only

possible way to explain this phenomenon, in the light of plausible theo-

ries, is to refer it to the operation of the-Jast glacial epoch, or to ,the op-

eration of a glacial epoch which projected the ice field only so far south

as to cover the upper part of the Scioto valley, leaving the lower portion

of the valley, which probably pre-existed, to serve as a drainage channel

from the ice itself. Subsequently, when the ice withdrew, the upper
tributaries were located in such places as the contour of the surface

allowed or demanded.

Th.ere are other evidences that the townships ofRadnor, Thompson, and
the northern part of Scioto were for a time under glacial ice, while the
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rest of the county was uncovered, and suffered all the vicissitudes of sur-

face erosion. The average thickness of the Drift in Radnor township,

judging hy the phenomena of wells and the height of the river banks,

as well as from the rocky exposures, is about twenty feet. Toward the

river, bowlders are common on the surface. In Thompson township the

thickness seems also to be eighteen or twenty feet. In descending the

Scioto along the right bank, after passing Fulton's Creek, there is a

noticeable thickening of the Drift, and two Drift terraces follow the

river for a couple of miles with considerable distinctness. They are

each about fifteen feet in height, the upper one sometimes reaching

twenty feet, and are separated in many places by a flat belt of land, the

surface level of the lower terrace. Below these Jis the river flood-plain.

This second, or upper river terrace, comes in apparently from the west,

and appears just at the point where the rock begins to be excavated by
the river. It makes the thickness of the drift about thirty or forty feet.

After passing Millville and Sulphur Spring Station, the upper terrace

disappears in a general slope to the river, and it cannot be identified at

any point further south. This thickening of the Drift is in the form of

a moraine ridge, which, passing west of Ostrander about a mile, is inter-

sected by the Marysvillepike a little west of the county line. From its

summit toward the west the descent is seventy-five or one hundred feet,

when a flat is reached like that in the north-western part of Delaware

county. This moraine has not been traced through Union county. The
reader is referred to another chapter on the Drift in north-western Ohio

by the writer for a full dissussion of this subject.

A singular line of gravel knolls and short ridges pertaining to the

glacier Drift crosses Radnor township, coming into the county from the

north at Middletown (which is on the Scioto, in Marion county), and

passing about a mile to the west of Delhi. It is traceable nearly to

Millville. It is intersected by the gravel road about a mile north of

Delhi. The road then follows it to Middletown, where it becomes lost

from further obervation. This interesting series of ridges is not ar-

ranged in a single, continuous line/but the separate ridges overlap each

other, rising and^fafling at irregular intervals. Sometimes the line ap-

pears double ; low places on one side are in some places made up by full

deposits on the other. On either side the- country is flat. The soil is of

close clay, and the roads very muddy in rainy weather. The Delhi beds

of the Lower Corniferous are exposed at a number of places in close

proximity to these gravel knolls, proving the strike of the formation to

be exactly coincident with this strip of gravelly land. Toward the east

is the enduring Corniferous ; toward the west, the easily disrupted Water-
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lime.
,
Inhere is a general but very gentle slope to the west. The mate-

rial in these ridges is stratified sand and gravel, which has been consid-

erably used in constructing the gravel roads that intersect that part of

the county. One of these sand and gravel deposits is opened for such

purposes on the land of Mrs. Rachel Fleming, on the east side of the

Scioto, near the mouth of Bogg's Creek, and shows the following alter-

nation of parts

:

Section in Geavel Bank, South Part op Radnor Township.

1. Soil and hard-pan, 2 feet.

3. G-raTel and sand ; stratification confused or wanting. •

3. Handsome strata of sand obliquely stratified.

The outward appearance and composition of this series of gravel ridges

are the same as of those ridges well known, in the country as "hogs'-

backs," yet they are less prominent than some others that have been de-

scribed in north-western Ohio. (See Report on the Geology of Hardin

county,. also Report on Geology of Allen county.) Their long continu-

ance and their more uniform height make them in some respects com-

parable to those very long gravel ridges that have been described in

north-western Ohio, and referred to the effect of glaciers crossing a num-
ber of counties consecutively. Their real origin, however, is not that of

terminal glacier moraines, but is the same as of those isolated gravel

knolls. known as " hogs'-backs." Similar lines of gravelly, rolling land

following and marking the boundary between two geological formations

have been mentioned in reports on the geology of Crawford and of Mor-

row counties. Such boundary lines, when between two formations of un-

equal endurance under the glacier, would-be the place where most fre-

quently deep fissures in the ice would be produced by the efforts of the

great sheet to adapt itself to the unevenness of its bed. In such fis-

sures, and along such openings, running water would appear, and would

most effectually carry away the transportable clayey portions of the

Drift with which it might come in contact. During the prevalence of

the ice, such washed and, perhaps, stratified Drift would be liable to a

further transportation, but when the margin qf the glacier finally passed

northward over any point on such boundary line, the final effect of th

20
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water issuing from the ice at that point would be left undisturbed, and
would be preserved to the present -time. The obliqueness of the strati-

fication, and the sudden changes in the kind and arrangement of mate-

rial making up the strata, together with an occasional mass of unassorted

glacier clay included in the stratified portions, not only indicate the

force and direction of the torrents of water and an interrupted supply of

Drift, but also the presence and agency of thick glacier ice at the time

of deposition.

Wells and Springs.—There are in the county a number of copious,

strongly sulphurous springs, the best known of which are those at Dela-

ware, and near Sulphur Spring Station. Besides these, others are found

in various parts of. the county, styled chalybeate, and others magnesian.

The most frequented is that on the grounds of the Ohio Wesleyan

University, at Delaware, which is strongly sulphurous. Of this, Prof.

H. Mitchell, in giving his analysis of the water, says, according to

Howe's Historical Collections of Ohio, 1848 :

" Of gaseous products, I find that one wine pint of the water, taken immediately

from the spring, contains, of sulphuretted hydrogen gas, 12 cubic inches ; of carbonic

acid gas, S inches. One hundred grains of the deposit, which resulted from evapor-

ating several gallons of water, yielded, on analysis, of muriate of soda, 48 grains; of

lime, 20 do. ; sulph. magnesia, 16. do. ; sulph. lime, 8 do. ; carbonate of soda, 5 do.

;

total of the above, 97 grains. The above results show that these waters approach as

nearly to the well-known waters of Aix-la-Ohapelle and Harrowgate,. as those do re-

spectively to each other. They are directly deobstruent, and calculated to remove
glandular enlargements, as well of the liver as of the other viscera. In cases of slow

fever, disturbed state of the functions of digestion, or more confirmed dyspepsia,

morbid secretions from the kidneys or bladder, gravel, or chronic eruptions on the

skin, I can strongly recommend their use ; and, though last, not least, their power of

subduing general constitutional irritation, and quieting and restoring tone to the sys-

tem when it has been necessary to have recourse to the frequent and long-continued

action of calomel or other mercurial preparations, is, I am persuaded, of the greatest

efficacy."

The. sulphur springs at Delaware, located near the Ohio Female Wes-

leyan University, and on land oM*. W. Little, are of the same general

character.

The same may be said of the very copious sulphur spring in the left

bank of the Olentangy, on Mr. Wm. Case's land, in the southern part of

the county. This, however, presents the most copious natural flow of

highly sulphurous water known in the county.

The artesian sulphur spring at the Reform and Industrial School for

Girls, at Lewis Center P. O., was formerly a place of much resort. This

well was drilled in 1820. The water rises from the depth of about ninety



.' DELAWABE COUNTY. 307

feet, at which a cavity was struck which let the augur drop two feet. A
chemical examination of the water from this well is reported by Prof.

E. S. Payne to show the following mineral substances

:

Sulphurated hydrogen gas, Sulph. lime,

Carbonic acid gas, Oxide of iron,

Chloride of magnesium, Carbonate of lime,

" sodium, Sulphuret of calcium,
" calcium, Iodine,

Sulph. magnesia, Traces of organic matter.

Temperature, 52° Fah.

A chalybeate spring on the game grounds shows, according to Prof.

K! S. Payne—

Sulph. iron, Iodine,

Oxide of iron, Carb. lime, ,

Carb. acid gas, Potassa,

Sulph. of magnesia, Sulph. lime,

Chloride of calcium, Traces of organic matter.

Temperature, 56° Fah.

A so-called magnesian spring on the same grounds shows, by the same

authority

—

Sulph. magnesia, Carb. of lime,

Chloride calcium, Iodine (small),

Oxide of iron, Potassa (small),'

Sulph. of lime, Traces of organic matter,

Earthy phosphates, Carbonic acid gas.

Temperature, 54° Fah.

Another spring, near these, was found by Prof. Payne to afford the fol-

lowing impurities. This is denominated a " saline chalybeate spring "

:

Sulph. lime, Carbonate of lime,

" magnesia, Traces of potassa,

Chloride of calcium, . Traces of organic matter.

Oxide of iron,

Temperature, 55° Fah.

A sulphur spring occurs also on John Phillips's farm, one and a half

miles south-west of Delhi.

In the survey of the county the following observations made on the

common wells were recorded. On the N. E. \ section 4, Kingston, Mr.

James E. Stark has a number of artesian wells, known as " springs "

:
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Owner's name.
<

Location. t

4
C

C

5'3 -

12.

k

A

3-
o

Through
what.

Remarks. ,

James Chambers ... Sec. 2, Porter
25
18
17
56

19

23

m
20
40
20
21

19
21

24
20

28

21

11

8

12

6

16i

22

17

. 18
• 27
. 12
. 28

10

15

16

17

56

t 1.

\ 2

25
18
17
56

19

23

m
20
40
20
21

19
21

24
20

28

31

26

24

31

62

\ 18

22

\ 20

18
.27

12
28

Good water.
tt

u a tt

Blue clay and

tt

Marlborough..

S. Delaware...

S.E.cor. sec. 2,

Kingston

F. E. i sec. 4,

Olive Green...
tt

Sunbury

tt

it

N. E. i sec. 1,

Berkshire ...

«

Toll-gate li
miles E. of

Delaware ....

ImileN.W.of
Delaware ....

2| miles S. of

1 mile S. .of

Bellepoint ..

imileS.E. of

Millville

3 miles W. of

Delaware ...

3} miles W. of

Delaware ...

li miles S.W.
of Delhi

Sec.2,Eadnor

; Thompson tp

. Ostrander Sta

46 ft. of good water.

G. W. Oorbin......... Brown hard-
pan and sand

"Win. "Waldron
Good water.

Good water, nearly
20 ft.

Artesian; sulphury.
Nearly soft water.
No water.
5 ft. water.

a tt

Buckeye House In blue clay....

G. Pace Yellow clay, 7

ft. Blue clay,

sand, and
Good water.

tt

John McFarland a

C C Bricker
it

it a Sulphury water.

B. and S. Turn-

Brown and

Olay and black
Good water.

Clay and lime-
In the river bottoms

'u a Clay, gravel,

Brown clay

slightly sulphur-
ous.

W P ROTH)

In the riverbottoms
very slight sulphur
taste. Water good.

Good water.

a

a

Thomas Griffiths....
Iron water.

Clay, sand,and
tt

u « a
a

Nicholas J. Money Clay and sand tt

tt
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MATERIAL RESOURCES.

Lime and Building Stone.—Beginning with the lowest in the geological

series of the county^ we find a ciose-grained, drab limestone. The beds,

so far as seen in Delaware county, are usually less than six inches in

thickness, yet at one place, near the north line of the county, it is

taken from below the water of the Scioto in beds of six to ten inches.

Although this stone is rather hard and close-grained, it is also apt to

be brittle, and in its undisturbed bedding to be checked into small angu-

lar pieces. It occupies low, sheltered places, owing to a tendency to be

destroyed by the elements. It is easily disrupted, even by the use of

the crowbar or pick, and seldom needs blasting. These qualities render

it a poor stone for construction, and it is seldom used except for quick-

lime. When it has not been bleached, and weakened by long exposure

to the elements, it makes a lime nearly as strong as any that can be

burned in Delaware county, and much whiter than that made from the.

Hamilton or the Corniferous. Near Mrs. Evans's kiln, where it has

been used in conjunction with the Corniferous, it is distinguished as

the " white stone " by the workmen, from the whiteness of the quick-

lime it affords.

The Oriskany, which succeeds to the Waterlime, has no economical

value whatever. In some parts of the State it is a very pure, silicious

sandstone, in heavy beds, but in Delaware county is conglomeratic with

Waterlime pebbles, and it graduates upward into the lower member of

the Lower Corniferous, the supposed equivalent of the Onondaga lime-

stone of New York State.

The remainder of the Devonian limestones constitute a group which
are noted for their various economical uses. The heavy, buff limestone

overlying the Oriskany is rather coarse-grained and rough to the touch,

but lies in heavy layers of uniform thickness and texture. Its color is

pleasant and cheerful, especially when dressed under the hammer and
laid in the wall. It is sometimes vesicular or cherty, when its value as

a building material is censiderably less
;
yet in all' cases it answers well

for any heavy stone-work, as bridge piersrand abutments, aqueducts, and
all foundations. In some parts of the State this member of the Cornif-

erous is extensively wrought, and sawn into handsome blocks for stone

fronts. Ample facilities are afforded along the Scioto river, at a great

many places, for the working of this stone. Its value as a building ma-
terial and the accessibility of its layers, render it a little surprising

that no opening worthy the name of a quarry has been made in it within

the limits of Delaware county. As a cut.-stone it ranks next to the

Berea grit in its best estate, which is found in the eastern part of the
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county, and where once introduced into the markets of the county, par-

ticularly in the western portions, it would draw custom from a wide

range of country west and north, where no good cut-stone can be found.

The little quarry of Rev. C. H. Perkins, in Radnor township, which

furnished the stone placed in the abutments of the bridge over the

Scioto near the mouth of Bogg's Creek, is the only opening in these

beds within the county, and does not show the best qualities of the stone.

Some of the most favorable points for quarries in this limestone are near

the south county line, in the banks of the Scioto, or in some of its tribu-

taries. The banks of Mill Creek at Bellepoint, and also for a couple, of

miles above, are almost equally favorable.
, .

The next member of the Lower Corniferous is that described as thin-

bedded, cherty, buff limestone, and differs but little from the last. Owing
to the thinness of the bedding it is only useful for quicklime, of which

it makes a quality very similar to the heavier beds below.

The bluish limestone next overlying is not constant in its characters
;

indeed, in some sections, covering the same horizon, it was found want-

ing. In its place may sometimes be seen a few feet of very fossiliferous,

bituminous limestone. The blue color is believed to be due to the more

even dissemination of bituminous matter through the entire rock, in-

stead of its preservation in fossil forms. When the bitumen is present

in considerable quantity, the black films and thin, irregular scales that

disfigure and destroy the rock for building purposes, do not materially

injure it for making quicklime. They readily volatilize in the kiln, but

the fresh lime is of a little darker color. When this member is not

highly coralline and bituminous it makes a very firm and useful stone

for all uses in walls and foundations. The quarry of Mrs. Evans, about

a fourth of a mile below Millville, is in this stone.

It is to the "Delhi stone," however, that the county is indebted for

the greatest quantity of quicklime. These beds lie immediately over

the " bluish stone " last mentioned. The layers are generally not over

three or four inches in thickness. ,They are rather hard and crystalline.

They are often crinoidal and very fbssiliferou8. The color is rather light,

and the lime made is heavy and strong. It contains very little sediment

that cannot slack, and brings the best price in the markets
;
yet it is

not so white as that made from the Waterlime, nor is the stone so easily

burned as the upper part of the Niagara limestone. In the absence of

a better quality of stone for walls and common foundations, this lime-

stone is very commonly employed, but the irregularity of its bedding

and the thinness of its layers will effectually prevent its use in heavy

stone-work. In deep quarrying the bedding would become thicker and
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the variations of color and texture due to its fossils and crystalline ten-

dency might make it take rank as a handsome marble. The lime burned
from the various quarries about Delhi is from this stone. Yet the quarry

of Mr. P. Jones exposes also the upper part of the- bluish limestone last

mentioned.

Overlying the Delhi beds is the well-known "blue limestone" of Del-

aware county, extensively quarried and used for building at Delaware.

This is a hard and crystalline stone, variously interspersed with bitumi-

nous and argillaceous matter. When these impurities are wanting the

bedding is usually about six inches in thickness, but may reach ten or

twelve. When they are abundant the bedding becomes slaty, and the

stone is much injured for purposes of building. These argillaceous' lay-

ers which part the bedding soon succumb to the weather, and cause the

calcareous layers to chip out or to break by superincumbent pressure

of the wall. Numerous instances of such defective masonry could be

pointed out in the city of Delaware, showing the treacherous character

of much of this blue stone. Stone-cutters will be at no pains to remove

such shaly matter from the stone, but rather prefer to leave it, even to

the damage of important buildings, since it gives them less labor to cut.

The effect of the elements is much greater on this stone when it is

placed on edge in the wall, instead of being laid as it was deposited by
nature in the quarry. The beds of sedimentation ought always to be

laid horizontally instead of perpendicularly. Although this stone is

very firm and crystalline in its best estate, it is yet susceptible of being

cut into all useful forms for sills, caps, keystones, and water-tables, and
is largely used both at Sandusky and Delaware for these purposes. Its

dark color makes it specially adapted to foundations, where a light-colored

superstructure is intended and to all Gothic architecture. For lime it

is very little used, owing to the difficulty of calcination, compared to

other accessible limestones, and the heavy sediment of argillaceous mat-

ter that will not slack. Yet the lime it makes, although rather dark-

colored, is said to be very strong and hot.

The following statistics in reference to the burning of lime, compared

with similar statistics given in reports on Sandusky and Crawford coun-

ties, will convey an idea of' the comparative value of different formations

in north-western Ohio for the manufacture of quicklime, and the utility

of the close or draw kiln used in some places :
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Statistics.

Owner's Name. Situation. Formation.

o3
1—

1

M
11

l1
HJ2

Pays

for

mixed

wood.

Weight

per

bushel

of

bulk.

Delhi Corniferous..
«
it

n
a
n

Wateriime ..

it
'

Corniferous..

21
2|
2}

4 4-9

3

2f

2

2

21

.21

54
50
52

60
60
48

50

45^

?

loot.

$2 75
2 75

67 lbs*
(c

it 68 lbs

G. W. Oorbint
(poor)
2 00

71 to 72?
Margaret Evans
S. Marshall

Millville..... 71?
N. E. i, sec. 14,

Spencer, Allen
1 25

2 00

1 50

2 00

70?
Streughn, Van
Wert county ...

Sec. 8, Union tp.,

Van Wert Co...

Mill Creek, Union
Co

B. Bohnert & Co ,

Thompson & Brown

60

70 to 71

Unknown.

Quicklime sells generally at eighteen cents per bushel at the kiln, but

sometimes at twenty cents. The lime of the Delhi beds is of a brownish-

white color, with darker spots and specks. The annual average product

of the quarries of Philip Jones, Wm. P. Jones, and Samuel Perry, near

Delhi, aggregates 11,420 bushels. The kilns of Mr. Corbin, at Delaware,

consume much more wood per one hundred bushels than any other in

the county—indeed, more than any in north-western Ohio. They are of

very large capacity, and usually are not entirely filled. The kilns of Mr.

Colvin are also pronounced ill-shaped by Mr. Schmidt, who has run them

for several years. There are no kilns in the county made on the latest

improved plan. No progress whatever is exhibited in the methods em-

ployed. They are the same as the methods adopted by the earliest man-

ufacturers, and should give place to the improved methods of some of the

late patents.

The uses of. the Huron Shale.—The only known use that can be made of

the Huron shale, with strong probabilities of success and profit, is in the

manufacture of hydraulic or water cement. The manufacture of petro-

leum, illuminating gas, and of roofing-slate, has, in each case, proved

profitless. Some have employed it as a material for roads, but it is found

. * Kesult of many trials.

t Hauls stone from John Spero's quarry, on the Scioto.

j Kiln holds 400 bushels. The fire passes through a volume of fourteen feet height

of stone.
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to soon pulverize and to disappear as dust, or to pass oil by the action of

drainage water. With an occasional renewal, it may be used in that

way. A successful enterprise in the manufacture of hydraulic lime from

the lower portion of the black slate is in operation at Defiance, Ohio. , It

is known as the Auglaize, cement, and promises to become a rival of those

cements known in the principal markets of the country.

The shale which overlies the black slate is very similar to the Olen-

tangy shale immediately below it. They are both worthy of being tested

thoroughly as fire-clay, or for the manufacture of a light-colored pottery,

or "Milwaukee brick."

THE WAVEBLY SANDSTONE.

Of the sandstone which comes next in the series very little need be

'

said. Its excellences are well known, and have been attested by the ex-

perience of builders throughout the country during the last forty years.

It is the same (geologically) as the famous Berea sandstone, and is in-

cluded within the Carboniferous rocks. Yet it has been observed to be-

come much finer-grained and better adapted to bases for monuments, for

grindstones and whetstones, and for ornamental architecture, in the cen-

tral counties of the State, than in counties further north. It is now be-

ing extensively used in the construction of bridges and culverts for the

new railroads in the eastern part of the county. Since the great con-

flagration at Chicago, sandstone, is being more frequently employed for

walls of buildings than ever before.

Brick anal Tile.—The surface of the Drift clay is employed in the man-

ufacture of these articles by the following establishments :

James E. Robinson, Ashley Brick.

Win. Robinson, Olive Green "

John Knox, Trenton township "

Jacob Williams, Harlem township "

, Rich, " "

Eli Downing, " "

Abram Springer, Delaware, *i. "

Joseph Haas, " "

Frank Curley "
.... "

Geo. Sherrer, " Tile and brick.

/ James E. Robinson, Eden (last year) "

Swan Roloson, 1J miles S. W. of Stratford "

Wm. H. Edmonds, 1 mile west of Powell "

Arthur Robinson, 3J miles west of MilMUe Tile.



CHAPTER XXXVIII.

REPORT ON THE GEOLOGY OP VAN WERT COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

This county lies on the Indiana border, three other counties interven-

ing between it and the State of Michigan. Allen and Putnam counties

lie east, and Mercer south. Paulding county joins it on the north. It

contains 258,592 acres, of which 51,142 are denominated arable or plow

land, 21,042 meadow or pasture land, and 186,408 uncultivated or wood
land. The average value per acre is $11.15, or, including buildings,

$11'87. The county forms nearly a square. It has a projection in the

middle of the east side including half a town.

NATURAL DRAINAGE.

The surface drainage consists in a number of gentle, small streams

that flow north-easterly, joining the Auglaize River in Putnam and

Paulding counties. There are several large, uncultivated prairies, or

marshes, which are subject to inundation in spring time. These give

rise to some of these small drainage streams.

SURFACE FEATURES. .

By saying the county is flat the general character of the surface is ex-

pressed. It lies in the Black Swamp, the features of which have been

already described in reports on other counties, and In a former chapter

devoted to the Drift in north-western Ohio. In the south-west corner

this county is crossed by the St. Mary's River, which brings into that

part of the county a few miles of the more undulating surface charac-

terizing the St. Mary's ridge. Through the center of the county, in a

north-west and south-east course, runs the gravelly Van Wert ridge.

North of this ridge there is no variety of surface whatever. There is a

gentle, very regular descent, sometimes hardly enough to sufficiently

drain the land for easy agriculture, from this ridge to the north line of

the county, and beyond to the Auglaize River.
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The following points of elevation above Lake Erie are obtained from

the surveys and profile of the Pittsburgh, Fort Wayne and Chicago

Railroad. It will be remembered that Lake Erie is 566 feet above the

ocean

:

Feet.

Delphos „ 211

Middlepoint 211

Van Wert .". 213

Convoy 218

Dixon 225

The following elevations were derived by aneroid barometer, making
connection with the above railroad elevations :

t
Feet.

Jennings's Prairie 256

S. W. i, sec. 31, Union township, on the ridge 183

Section 24, Tully, on the Van Wert ridge . ..: 178
" " " bench 188

Soil and Timber.—The soil is clayey, and is in need of artificial drainage. •

The farms that are located on the Van Wert ridge have a greater market
valuation than any others in the county. The whole county was origin-

ally densely forest-covered, with the exception of the marshes, called

prairies, in Jennings, Willshire, Liberty, Harrison, and Tully townships.

In the survey of the county the following species of trees were seen grow-

ing native

:

Fagus ferruginea—Beech Ait.

Quercus alba—White .Oak , L.

Acer saccharinum^-Sugar Maple ' Wang.
Platanus occidentalis—Sycamore ; 1 L.

Carya alba—Shag-bark Hickory Nutt.

Fraxinus Americana—White Ash L.

Cormis florida—Flowering Dogwood L.

Ulmus Americana—American Elm (pi. Clayt, Willd)
•

L.

Zanthoxylum Americanum—Prickly Ash Mill.

Quercus rubra—Red Oak L.

Fraxinus quadrangulata—Blue Ash Michx.

I
Amelanchier Canadensis—June Berry Torr and Gray.

Crataegus coccinea—Thorn L.

Quercus Prinus—Swamp White Oak L.

Gleditschia triacantbos—Honey Locust ". L.

Carpinus Americana—Water Beech Mich.
Juglans nigra—Black Walnut L.

Ostrya Virginica—Ironwood , Willd.

Salix nigra—Black Willow .' Marsh.
Morus rubra—Mulberry £,,
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Tilia Americana—Basswood '.. L.

Populus monilifera—Cottonwood*, , Ait.

iEsculus glabra—Buckeye , Willd.

Quercus macrocarpa—Burr Oak Michx.

Populus grandidentata—Large-toothed Aspen Michx.

Prunus Americana—Plum Marsh.

Acer rubrum—Swamp Maple L.

Fraxinus sambucifolia—Black Ash Lam.
Gymnocladus Canadensis—Kentucky Coffee Bean Lam.
Prunus serotina—Black Cherry , Ehr.

Populus tremuloides—Trembling Aspen Michx.

Rhus glabra—Sumach . ,» L.

Crataegus tomentosa—Black Thorn L.

Populus balsamifera—Balm of Gilead ... L.

Quercus palustris—Pin Oak '. DuEoi.

Juglans cinerea—Butternut. [Seen only on the Van Wert ridge]... L.

Asimina triloba—Pawpaw ;... Dunal.

GEOLOGICAL STRUCTURE.

The rocks of the county belong to the Upper Silurian. The upper

member of the Niagara, the equivalent of the Guelph of Canada, or of

thfe Racine limestone of the West, is the lowest in outcrop in the county.

It underlies a tract of uncertain limit in the south-western part of the

county, and is exposed in the St. Mary's River, at Willshire. Over' this

lies the Waterlime, belonging to the Lower Helderberg.

The former is a porous, magnesian limestone, of rather repulsive aspect,

its naturally light color being generally stained with iron-rust. In quar-

rying it shows a blue color. It lies in thin beds of three to five inches,

occupying usually the protected and. most retired points of outcrop, owing

to the rapidity with which it disintegrates under the forces of nature.

The latter is, in Van Wert county, very similar in general appearance,

but it has different fossils, and is harder. It is less porous. It has a

drab color, but the color is lighter 'in Van Wert county, and in counties

further north, than it is in Allen and Hardin counties, where it is often

blue, or even becomes so bituminous as to be black and slaty. Its most

slaty character is seen in Wyandot county. In Van Wert county, and

also in Putnam, it is not slaty, or very rarely so, and shows very little

bituminous matter. It burns to a very white lime in the town'ship of

Union, where there is a surface exposure, but in Washington township,

near Delphos, it is thinner bedded and more bituminous, the lime also

becoming darker.

Niagara, Limestone.—The only exposure of this stone known within the

county is at Willshire, in the bed of the St. Mary's River, and in a small
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ravine tributary to it at the same place. It is here porous and some-

what fossiliferous, in beds of about three inches. It has been wrought

to a limited extent on the land of Mrs. Ann Ramsey for quicklime and
common foundations.

The Waterlime.—This limestone underlies the remainder of the county

;

but affords but few known exposures. It is burned for quicklime at

Streughn, by James Lilly, and was formerly also quarried at the same
place by Samuel Kessler. The stone here is the same as that seen in

Union township, where it is also quarried and calcined on an extensive

scale by B. Bohnert & Co. It is of a light color, with a little tendency to

a drab, porous ahd fossiliferous. It makes a beautiful white lime, the

average weight of which is said by the owners to be sixty pounds per

bushel. It burns easily and cheaply, and sells for twenty-five cents per

bushel. At Streughn it rises to within four feet of the surface, and is

overlain by hard-pan Drift. Glacier marks immediately below the Drift

run north, 15° E., by pocket compass. The section at Streughn is as

follows

:

Section in the Waterlime at Stkeughn.

No. 1. Hard-pan 4 ft.

" 2. " Gray stone," i. e., spotted, drab, porous and compact ; the

porous parts of a lighter color and show no bituminous mat-

ter, glistening and crystalline ; not difficult to quarry ; beds

two to four inches .> 5 "

" 3. "Black stone," i. e., bituminous; but the bituminous matter

is evenly disseminated through the whole, so as to color it

uniformly; slightly porous; without visible fossils; harsh to

the touch ; heavier and in heavier beds than No. 2 ; seen... 2 "

Total :. 7 "

Both these members make an excellent white lime. The stone has

much the aspect of the Fremont stone, in Sandusky county, but it is not

so hard nor so close-grained. The fossils seen are principally a small

shell resembling Leperditia alta. But there are also one or two species of

brachiopods, commonly seen in this formation
;
yet the lithological char-

acters of No. 2 are not those common to the Waterlime. It is with some

difficulty distinguished from the Niagara. This outcrop occurs in a very

fiat and monotonous tract of country, but the upward swell in the rock

surface produces a slight elevation in the surface of the Drift. The ex-

posure is not due to erosion, as that of a stream, but is in the open plains,

and is owing to the unusual thinness of the Drift.

The Waterlime is seen again in N. E. J section 14, Spencer, Allen

county, where Mr. S. Marshall owns a quarry. ' This is located in the bed



318 GEOLOGY OF OHIO.

of a little stream (Jennings's Greek), and shows the usual features of the

formation. It is thin-bedded, but rather close-grained and hard, in wavy

bedding, showing some bituminous deposits. This lime is very much
darker than that at Streughn, but averages seventy pounds per bushel,

selling at the same price. It resembles the quicklime from the same

formation made at Lima, in Allen county. The bottom of this creek is

rocky for a mile and a quarter. The stone occurs on the land of Joseph,

Feierbach, F. W. Courts, and Mat. Boche.

At Delphos, S. W. J section 24, Washington, the Waterlime has for-

merly been taken from the bed of Jennings's Creek, and burned for quick-

lime by L. Gr. Roebuch. The stone is rather rough, and in thick, some-

what cavernous beds, with considerable calcite. Thinner beds also occur.

In Union township (N. W. J section 8) the quarry of B. Bohnert &
Co. is in a gentle anticlinal in the Waterlime, or in that member of the

Lower Silurian which is quarried at Streughn. It may be some other

member of the Lower Helderberg. The exposure is not sufficient in the

county to identify, without doubt, its horizon. It is hard, light-drab, yet

often porous, in beds of two to six inches, which run irregularly and

break into angular pieces of all sizes. Although its color is a light drab,

yet it has some spots almost a cream-color. It is occasionally variegated

somewhat with blue, and looks then very much like Niagara. No fossils

are visible except a fine Favosites coral, a small Orthoceras, Atrypa sul-

cata, and Leperditia alta. (?) It shows about eight feet.

At the quarry the surface of the rock is not glaciated. The soil is not

more than eighteen inches, and of a black color, and the Drift is almost

wanting. The rock- is rounded and smoothed rather by the slow action

of water and air than by ice.

A gray, close-grained limestone, that in hand-samples takes a good

polish, is met also on the land of Thomas P. Johnson, S.. W. J, section 17,

Union, in surface exposure. It is in the Waterlime. On the N. W. £,

section 4, Ridge, on the land of the heirs of Wm. Palmer, stone was

struck in digging a ditch. It is a drab-gray, crystalline Waterlime, in

beds of four to six inches, or perhaps thicker. It has not been opened to

any extent.

The Drift.—The only exception to the generally unstratified and unas-

sorted composition of the Drift in Van Wert county, is seen in the Van
Wert ridge, which crosses the county through Tully, Pleasant, Ridge,

and Washington townships. The cities of Van Wert and Delphos are

situated on it. It consists generally of gravel and sand, in Varied and

oblique stratification. In a few places it has been penetrated to the

depth of over thirty feet without meeting much gravel. In those cases
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it contains the common hard-pan Drift only, the same as that which pre-

vails on either side of the ridge. This occurs in some wells at Van

Wert. Water of excellent quality for domestic use is almost invariably

found in penetrating the gravel of the ridge, and occasionally an artesian

well is obtained, having a depth of but few feet. Such are usually on

the northward slope. The underlying hard-pan clay being impervious

to water, and the ridge lying in a slight depression of its surface, the

water of surface drainage naturally gathers in the trough, and is held as

in a reservoir by the gravel, by which it is also filtered and cleansed from

impurities injurious to health, while it is apt to take up the salts of the

protoxide of iron. Capillary attraction also serves to hold the water

within the gravel, thus preventing it from completely draining off at

the low places, or into the streams that intersect it. If wells find no

water in this gravel, they are necessarily sunk below the hard-pan ; and

at Van Wert a second water-bearing stratum of sand and gravel is found

lying on the bed-rock. From this a number of artesian wells are derived.

Their head and source must be several miles further south, the descent

being to the north, and the county being very flat. The confining stra-

tum is the hard-pan Drift. In west Delphos wells are shallow. Some

are in gravel, probably penetrating the Van Wert ridge. Such are eleven

or twelve feet deep. Others- are fifteen to eighteen feet, striking the

rock. At Middlepoint, and southward, in Washington and Jennings

townships, wells are twenty to twenty-five feet deep, frequently going to

the rock. At Van Wert, in the central part of?the city, some of the cel-

lars which are dug in the gravel of the ridge have springs of good water.

One man walled his well by inserting two flour barrels. The following

is a record of a well drilled by the city corporation, at Van Wert, reported

by Mayor Geo. C. Wells :

Soil , 1J ft.

Subsoil.... 2£
"

Yellowish-brown clay ; traces of iron and sand 11 "

Dark, bluish-gray sand '.

, 2 ,

"

Sky-blue clay, little or no stone, including two inches of gravelly

hard-pan , 5 "
,

Bowlders and gravel, with water which rose to within fifteen or

eighteen inches of the surface 9 "

Limestone 1 "

Waxy, light-blue clay 5 "

Crystalline, compact or slightly porous, dark-drab limestone, ap- ,

pearing a little granular 22 "

Fine-grained drab waterlime, very hard drilling *.. 28 "

Blue clay, very waxy ; light blue 6 "
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Limestone, about 1 foot.

Blue clay, rather coarse 9 .feet.

Total depth , 103 "

(Eock not entered again.)

Wells in the southeast part of Tully are eighteen to twenty feet. At
Van Wert natural springs occur along the south side of the ridge, This

is the first exception known to the observed location of 'such springs in

the " Spring Row," as in other counties, which • is on the north side of

the ridge. There are some others at Van Wert on the north side also.

On Mr. E. R. Wells's farm, four miles west of Van Wert, is red soil,

charged with protoxide of iron, and other evidences of extinct springs,

on the north slope of the ridge. In all deep wells (i. e., those that pass

through the blue clay) at Van Wert, the water rises nearly or quite to

the surface, and considerable effort has been put forth to secure such

constant flow at various places in the city, although the shallow wells

are unfailing and easily obtained.

diagram showing position of artesian wells at van "wert, with respect to the
Van Wert Eidge.

3 F"

G
a

I

These artesian wells which rise from the water-bearing gravel below

the Drift clay, together with others in different parts of the county, prove

the Drift to be about 40 feet thick in Van Wert county.

The Van Wert ridge is sometimes double. Such an instance may be

seen north from Streughn. The first one lies within half a mile of that

village, but the principal ridge road is half a mile further north, located

on the second ridge. Both rise abruptly from the adjoining flat land,

having descent in both directions. They seem to be perfectly identical

in form and composition, although the former can only be traced two or ,

three miles toward the west, when, turning a little more to the south, it

slowly sinks away and disappears in the general Drift. A similar gravel
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ridge was noticed running north-west and south-east about half a mile

in sections 21 and 22, Union township, nearly parallel with the main
gravel ridge, separated from it about three miles, and on the Lake Erie

side. It is not known how far this might be traced. In section 24, Tully

township, the ridge on which the road from Van Wert is located rung-

out, or sinks away. The road then crosses a narrow belt of clay land

and ascends, within a quarter of a mile, another ridge lying further

north, which determines the location of the road further west. In sec^

tion 14, Tully township, the Van Wert ridge runs along the inner side

of another-, ridge, or bench in the general surface, its summit being ten

feet lower than that of the bench. They are separated a quarter to a

half mile.' This bench consists of the common hard-pan clay of the

country, and shows no descent toward the south. Further south-east it

passes through Convoy, the Van Wert ridge running about a mile fur-

ther north-east, and through sections 17, 18, 22, and 23 in Pleasant town-

ship, beyond which place it has not been identified. This bench rise*

about five or six feet' above the level land to the north, in Pleasant town-

ship, about ten feet in Tully township, south of the Bear Swamp, and

thirty feet at New Haven, Indiana, to which place it may be followed,-

the " ridge road " between Van Wert and Fort Wayne passing several

times, between those two cities, from the Van Wert ridge to the bench^

and vice versa. The Van Wert ridge crosses the Maumee about three'

miles below Fort Wayne, where it is known as the Irish ridge, and for

about a mile a road runs on it.' The country there, however, being

densely wooded, its location is unknown for several miles, although it

has been followed about six miles east from New Haven.

Glacier marks were observed within the county at but one point. At
Streughn they occur on the Waterlime (?) running north 15° east.

Wells and Springs.—Besides the foregoing observations on the phenom-
ena of wells and springs in Van Wert county, the following minutes

were taken. This list will afford a pretty reliable basis on which W
predicate the thickness of the Drift in the county, since the water-bear-

ing stratum, when not in the Van Wert Eidge, is generally that last 1 '

member of the Drift, consisting of gravel and stones, which well-drillers

often denominate hard-pan, especially if cemented along its upper sur-

face by lime, and which, when so cemented, is often mistaken for the

bedded rock itself. •

,

21
?'
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Owner's name. Location.

CD

1°

CO

a
a .

® a® 2

4
CD

3
Through
what.

Remarks.

N. E. J sec. 9
(N),Jennings
Middlepoint ..

t(

Sec. 1, Liberty
Sec. 4, Ridge ..

Sec. 9, Ridge ..

a

tt

tt

a
it

a

18
15

18
21
24
16
37

12
36

45

10
12

8

40
40

1

4

18
15

18
21
24
16

On the rock.
it

Good water.

D. T. Cook
tt

tt

On the rock.

Albert Fife
u
u

In the rock.

9£

12
36

45

10
12

8
44
40

Soil and blue
clay In bowlders.

On the ridge.

tt

Just on S. edge of

the ridge.

On the ridge.

tt

a

Artesian.

tt

Dr. P. J. Hines

tt

WidowBuckingham
Heinly and Hertz...

D. H^Clippinger..,

Gravelly,12 ft.;

gravel, 1 ft;

blue clay, 15
ft.; gravel and
hard-pan,8ft.

Gravelly
Gravel, 12 ft,;

blue clay, 2 ft.

Blue clay
Blueclay,36ft.;
bowlders, etc.,

4 ft

W. F. Exline S.W.£sec.l7,

Sec. 35, Tully..

40

28

18

.60

39

141

62

40

28

18

201

101

Good water.

Van Wert Woolen
Mills Co Blue clay,26 ft.;

bowlders,etc.,
2 ft Artesian.

David Bonewitz Blue clay and
Sulphury.

Water at bottom of
Pitts. Ft.Wayne and
Chicago R. R. Co..

Fire Dep't well

Drift. None below.
Water at bottom of

Drift, and 2 or 3
ft. below. Filled

0. P. Clark tt

It

tt

N. W. i sec. 8,

N.E.Jsec.21,

40
40
30

22

35?

40
40
30

22

35?

ti

Blue clay and

Strongly artesian.

Artesian.

E. K. Welles
Slight flow.

JRob't M. Thompson

Good water rises

within 6 feet of

the top.

Artesian.
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MATEEIAL EESOUECES. _-

The rocks of the county hold no minerals of economical value. They

can only be used for quicklime and for ordinary foundations. The wealth

of the county will always be largely agricultural. The soil is very fertile

and enduring, but is rather heavy and wet for the quick growth of crops.

The farms of the county are undergoing more or less thorough artificial

drainage, and will be valuable in a corresponding ratio. The heavy

forest with which the surface is largely covered is an important item of

wealth, which, although retarding the opening of farms and the occu-

pancy of the county, is yet destined to be of great benefit to the county.

Extensive stave manufactories are established at Van Wert and Delphos.

Lime.—The lime-kilns at Streughn and on section 8, Union township,

are the only important establishments of the kind in the county. They
are of the old style, and have to be emptied after burning before filling

again. At Streughn two cords of wood burn sufficiently one hundred

bushels of lime, requiring forty-five hours, at the cost of two dollars per

cord. Lime sells at twenty-five cents per bushel. Most of it goes to Port

Wayne, and thence is shipped throughout Indiana. Stone at the quarry

brings $1.50 per perch. These kilns are worked by William Wehrs.

Two constant draw-kilns were formerly run at the same place by Mr. J.

E. Noble, consuming bne and a half cords of wood per one hundred bushels..

.

Messrs. Bohnert & Co., in Union township, ship lime, via Convoy, to

Van Wert, Port Wayne, and Chicago, at twenty cents per bushel, whole-

sale. It retails at thirty cents per bushel. There are six kilns here of r

the common kind, burning two and a half cords of mixed wood per one •

"hundred bushels of lime, at $1.50 per cord. Prom the kilns a wooden

railroad conveys the lime about six miles to the station at Convoy.

Brick and Tile.—The Drift clay of the county is well fitted for the

manufacture of red brick and tile, and the following list embraces all',

known establishments of this kind :

Joseph Fetter, Delphos ., , Brick.,

Hummel & Metzker "

Steinmetz Brothers, three miles north-west of Delphos "

Samuel Norris, Van Wert Brick and tile. .

Thomas Lahue, " , Brick.

Amos Price, " "

Tucker Brothers Tile*



CHAPTER XXXIX.

REPORT ON THE GEOLOGY OF UNION COUNTY.

BY N. H. WIKCHELL.

SITUATION AND AREA.

Union county lies next west of Delaware., which is the most central

county in the State. It embraces 272,318 acres, of which 72,770 are arable

or plow land, 67,670 meadow or pasture land, and 131,873 uncultivated or

woodland (see " abstract of the valuation of taxable real estate of Ohio,"

in the the year -1870, by the Auditor of State, James H. Godman.)

NATURAL DRAINAGE.

The surface drainage all passes into the Scioto valley, by streams

which flow with gentle current in a south-easte dy direction. They rise

in the Logan county Corniferous area, a region of very rough or hilly

surface, rising several hundred feet above the surrounding Waterlime

fiats, and toward the south-east enter upon another area of Corniferous,

which, although presenting different surface features, yet is riot so broken

as the Logan county area.

There is a remarkable uniformity in direction and alternation in these

streams. The principal valleys have a slope to the east or south-east,

, toward the Scioto, the valley of which is excavated oyer a hundred feet

in the bed rock, in Delaware tounty. To one who has closely observed

the systems of drainage in the various counties, and has aimed to ascer-

tain, from the effects seen, the causes that located streams in various

parts of north-western Ohio, this alone suggests the halting retreat of a

glacier across the county, throwing down greater accumulations of Drift,

where it remained stationary for a length of time. Such would be the

divides, between the
i
streams, the valleys being in those belts where: the

Drift< w#s. left,, thinner. But, with. a. single exception, nothing of this is

indicated by the surface features, so far as the time devoted to the survey

would disclose. The whole county was very carefully examined. In

counties further north-west, where such moraines are seen to guide the

drainage diagonally across the genera^ slope of the surface, the tributary
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streams all join the main streams from the same direction, but in Union

county streams enter the main valleys from opposite sides. The surface

between the streams is fiat, and there is no evidence of a thickening of

the Drift, except between Big Darby and Mill creeks. The Big Darby is

the largest stream of the county.

SURFACE FEATURES.

Between Big Darby and Mill creeks there is a very noticeable thicken-

ing of the Drift. It rises into long ridges and high knolls, which consist

of hard-pan or glacier Drift. Northern bowlders and stones are on the

surface and in the soil indiscriminately, though the same is true to some

extent throughout the county.' This ridge of Drift is greatly developed

at New California, where wells are sunk to the depth of fifty-four feet

without meeting anything but "blue clay," the water obtained being

bitter. West and south of Marysville two or three miles, the surface

is high and rolling, with clay hills. Toward the north and east it is fiat,

with gravel near the surface in some places-. Between Milford Center

and Unionville " clay knobs " and rolling land can be seen north of Darby

Creek, while toward the south and in Union township the " Darby plains "

extend several miles. Wells at Pottersburg penetrate the Drift over

sixty feet without meeting the rock, but obtain good water at that depth.

About Newton there is a very rolling and bluffy tract of land, some of

the wells obtaining bitter water in "blue clay" at fifty-two feet. This

rolling strip of clay knobs dies out toward the south and west, and

toward the north and east. Throughout the rest of the county the sur-

face is very nearly fiat, wells being usually less than twenty-five feet.

This belt of clay knobs crosses the entire county, although it seems to

turn a little toward the north in Jerome township.

The following ,elevations above Lake Erie are taken from profiles of

railroads that cross the county

:

Kichwood 369 ft.

Broadway 422 "

Peoria

Dover

Marysville 425 "

Milford •. , -

Unionville

Plain City : „

The following points of elevation were obtained by aneroid barometer,

connecting with railroad stations

:
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Marysville (with Bellefontaine) 325 ft.

New California „ 375 "

Hill east of New California 395 "

Plain City •.
,. 225 "

Hills west of Marysville 355 "

Peoria 410 "

Newton 460 "

Flat one-fourth mile east of East Liberty, Logan county 490 "

Top of hill two miles west of East Liberty, " 805 "

Top of hill two and a half miles west of East Liberty, Logan county.. 880 "

Surface of Mad Run, Zanesfleld, Logan county 565 "

Divide between Mad;Run and Goose Creek, near Zanesfleld 780 "

Waterin Goose Creek, Zanesfleld : 695 "

Divide between Goose Creek and McKee's Creek, Zanesfleld 915 "

Surface of McKee's Creek; east of Bellefontaine 765 "

Divide between McKee and Blue Jacket creeks 845 "

Surface of Blue Jacket Creek, east of Bellefontaine 680 "

Depot C. C. C. and I. R. R., Bellefontaine (railroad profile) 640 "

St. John's, Auglaize county, hill south of village 491 "

St. John's, street in frpnt of Bitler House 430 "

St. John's, surface of little stream west of village : 390 "

[The last three points, when connected with Wapakoneta, gave, respectively, 504

feet, 443 feet, and 405 feet.]

Pharisburg, Union county 304 ft.

Essex, " 359 "

North-east corner Washington township 389 "

York Center :.; 399 "

East Liberty, Logan county 565 "

Middleburg , . 625 "

Survey No. 5,270, Allen township, Union county , 485 "

Allen Center 435 "

Milford Center 315 "

Soil and Timber.—The soil is one derived entirely from the Drift, and

may be denominated in general a gravelly clay. It exhibits the well-

known characteristics of fertility and endurance that mark all the Drift

soils of north-western Ohio. It shows a very fair sprinkling of stones

and bowlders, -but in some places is very fine and heavy. It is only

along the immediate river banks, on the bottom lands, that the sandy

element prevails, and it is then confined to the alluvium.

The trees of the county consist of the usual deciduous varieties. The
following species were noted

:

Acer saccharinum—Sugar Maple Wang.

Fagus ferruginea—Beech '..-. Ait.

Ulmus Americana—Elm (pi. Clayt.) Willd.
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Quercus tinctoria—Black Oak Bart.

Tilia Americana—Basswood L.

Cornus florida—Dogwood L.

Oarya alba—Shag-bark Hickory ;. Nutt.

Carya porcina—Pig Hickory Nutt.

Platarms occidentalis—Sycamore L.

JEsculus glabra—Buckeye Willd.

. Zanthoxylum Americanum—Prickly Ash V Mill.

Acer rubrum—Soft Maple : L.

Carpinus Americana—Blue Beech Michx.

Quercus alba—White Oak L.

Quercus macrocarpa—Burr Oak L.

• Ulmus fulva—Slippery Elm Michx.

Fraxinus Americana—White Ash L.

Fraxinus sambucifolia—Black Ash Lam.

Gleditschia triacanthos—Honey Locust L.

Celtis occidentalis—Hackberry , L.

Crataegus coccinea—Thorn L.

Salix nigra—Black Willow Marsh.

Juglans nigra—Black Walnut , L.

Quercus castanea—Chestnut-leaved Oak Willd.

Prunus serotina—Black Cherry Ehr.

Pyrus coronaria—Wild Apple L.

Ostrya Virginica—Ironwood Willd.

Populus monilifera—Cottonwood Ait.

Asimina triloba—Pawpaw Ait.

Populus tremuloides—Trembling Aspen Michx.

Cercis Canadensis—Judas Tree L.

Quercus palustris—Pin Oak DuRoi.

GEOLOGICAL STEUCTUBE.

The rocks of the county embrace the following limestones, including,

also, the Oriskany sandstone

:

.Devonian.

Hamilton, or

Upper Corniferous,

Lower Corniferous,

Oriskany,

Waterlime Upper Silurian.

By the Hamilton is here meant the blue limestone which is quarried

at Delaware, and which is regarded by Dr. Newberry as partly Hamilton

and partly Corniferous. It has been mentioned frequently by the writer

in reporting on counties in north-western Ohio, under the designation

of Upper Corniferous, in order to keep it distinct from, the underlying

limestone, which is plainly Corniferous. In the coloring of the county
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maps it is not separated from the Corniferous, but is embraced under

the same coloring as tbe Corniferous. The blue stripe which is named
"Hamilton Group" represents in part the shale which underlies the

Mack slate, and which has been specially designated "Olentangy shale"

in the report on Delaware county, to which the reader is referred for a

statement of the subdivisions of the Ohio Corniferous, and of their sup-

posed equivalents in New York. The Lower Corniferous is well repre-

sented in the quarries in Mill Creek township. The Oriskany has not

been seen within the county, but it is probably conglomeratic, since it

has that character in Delaware county. These limestones, with the

Qriskany, make up the Devonian, so far as represented within the

county. The. rock which immediately underlies the Oriskany belongs

to the Upper Silurian. It is the Waterlime member of the Lower HeL
derberg. The Devonian is found only in the south-eastern part of the

county, although there are some evidences, in the form of large frag-

ments, that it extends as far west as Marysville. It underlies the most

of Mill Creek and Jerome townships. The rest of the county is occupied

by the Waterlime.

The Hamilton or Upper Corniferous.— This limestone occupies but a

small area in the south-eastern part of the county. It is hard and blue,

and. identical with the blue stone quarried at Delaware. Any favorable

outcrop in that section should be thoroughly opened for building stone.

This part of the county, though, is mainly covered with a heavy forest,

and the strike of the formation is not known. Hensell & Fox, near

Frankfort, have the only quarry in the county in this stone.

The Lower Corniferous.—The Delhi stone of the Lower Corniferous is

quarried at a number of places in Mill Creek township. The quarry of

Thompson and Brown, six miles south-east of Dover, exposes about four

feet of fossiliferous, sometimes crinoidal limestone, in beds of two to

four inches. It is principally burned for quicklime, but is also sold for

©heap foundation stone. The lime which it makes is like that already

described made from the .same beds at Delhi, in Delaware county. The
fossils seen here are Cyrtoceras nndulatum, a handsome little Strophomena,

a large Cyathophylloid coral, the pygidium of a trilobite, and various

remains of fishes. There are also common a large Strophomena and a-

small Cyathophylloid. The quarry of John Piersoll, about three miles

east of Watkinsville ; that of Win. Hays, a mile north-west from Pier-

soil's ; those of John S. Smart, near Piersoll's, and that of Daniel Long,

in the north-east corner of the angle of the county, are all in the Cornif-

erous, and near the horizon of Thompson '& -Brown's.

Orishany Conglo,merate.—The only proof that this, usually a sandy lime-
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stone or a clean quar.tz grit, has the character of a conglomerate in Union

county, consists in the appearance of that character near the county

line, in Mill Creek, as already mentioned in the report on Delaware

county. It there contains water-worn pebbles of the underlying Water-

lime, which are sometimes two or three inches in diameter. The whole

thickness is not more than two feet.

The Waterlime.—This limestone is so named from its known hydraulic

qualities^ in other States as well as in some places in Ohio. It appears

in outcrop in widely separated parts of the county, and probably is the

surface bed-rock throughout the most of the county. The quarry of Wm.
Eamsey, in the bed of Mill Creek, in Mill Creek township, although not

now in operation, is sufficiently developed to show the Waterlime char-

acters. Aaron Sewell burns a little lime here. The foundation for the

old court-house at Marysville was taken out here. The stone is in beds

of about four inches, but is wavy. Some of it is brecciated. The creek

has excavated about ten feet in this limestone along here, the overlying

Corniferous receding from the stream on both sides. This narrow belt

of Waterlime extends northward and makes, probably, an isolated out-

lier of Corniferous which occupies part of Dover township, and crosses

Scioto, in Delaware county, from near Millville, south-westerly. The

Waterlime also is exposed on Ingham Wood's land, one mile north-west

of Pharisburg, in Boggs's Creek ; also on John Grandy's, near Wood's, as

well as on the next farm above, Peter Jolliff's. It occurs again on John

Gray's and Alfred Davis's land, half a mile north of Byhalia, in the bed

of Little Rush Creek. At York Center it appears on Aaron Shirk's

and Hiram Watts's land, on the north side of Boggs's Creek. On the

south side of the creek it also affords good exposures on the land of

Montreville Henry, John Timons, John Shirk, and Finley Davis, where

it has been burned some for lime by Mr. Shirk ; but it is not now
wrought. It is mainly a surface exposure in the bed and low banks of

the creek.

At Unionville the Waterlime appears in Big Darby Creek. It was

recently^opened for lime by F. J. Sager and J. C. Robinson. The beds

are from four to eight inches thick, and fine-grained. This is said to be

underlain by a blue clay which is four feet thick. It also occurs two

miles above Unionville, on James Martin's land ; and a mile further

down, on land of Elijah Mitchell. It was formerly wrought a little on

the land of Mr. Sager, three-fourths of a mile below the village, where

the beds were from four to eight inches. It also is seen on H. Penning-

ton's land, just below Mr. Sager's.

The Drift.—This deposit in Union county shows evidence of more re-
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cent date than it does generally in Delaware county. It appears very

similar to the Drift in the nqrth-west corner of Delaware county, the

characters of which are sufficiently discussed in the report on the geol-

ogy of that county. This evidence is of two kinds : (1st) that which

pertains to the rock
;
(2d) that which pertains to the Drift itself.'

(1) The streams of the county have not excavated channels in the rock,

and but very rarely expose it in their beds. This is not strictly true in

the south-eastern part, in the area of the Corniferous, where there is some

erosion in the rock, like that seen throughout the most of Delaware

county. This indicates that in the south-eastern corner the erosion by

streams has been longest continued, although that part of the county

has at the same time less elevation above Lake Erie. In other words,

that the overspread of Drift in the south-eastern part of the county was

earlier than in the rest of the county.

The rock, where exposed in the south-eastern part of the county, has

the same long-weathered appearance, even when freshly uncovered by

the removal of the Drift, that is observable in Delaware county. The

marks of glacial action are dim. The natural jointing and planes of

separation between the bedding are loosely filled in with the effects of

oxydation and decomposition to a greater depth than in the rest of the

county.

(2) If we revert to the appearance of the Drift itself, the most striking

contrast is presented in the general smoothness of the surface through-

out the county, compared to the surface of Delaware county. This is

partly due to the effect of less erosion on the Drift by the streams, and

partly to the evenness of the rock surface. With a single exception, the

Drift seems to have been very uniformly and gently deposited in Union

county. The uniform direction of, and the regular intervals between

the main streams, may all have been at first determined by slight differ-

ences in the thickness of the Drift deposited, but such differences are

now so obscured that they can. not be detected by the eye, except in the

interval between the Big Darby and Mill Creeks.

Besides this general flatness of surface, the yellowish color, caused by

the formation and infiltration of hydrated oxides from above, does not

extend so far downward in Union county as in Delaware. In the latter

county the light colored clay extends downward to the depth of fifteen

or twenty feet, and sometimes as much as twenty-five feet. In the

former the blue clay is usually met within ten feet. It sometimes rises

within eight feet of the surface, and occasionally the yellowish color ex-

tends to twelve or fifteen feet. The depth of such superficial coloring

seems to vary not only with the length of time the Drift may have been
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exposed to the air and surface water, but also with the ease with which,

these agents find access below. A sandy or gravelly knoll is generally

weathered deepe/ than one of clay, and a rolling surface is apt to be

more deeply oxydated than a fiat one.

The Drift ridge which separates Big Darby and Mill Creeks has already

been alluded to under the head of Surface Features. Its exact form, limits,

and location, even within the county, have not been fully made out. The

time given to the county would not allow a careful survey of this ridge

in detail. It is well known to the inhabitants of the. county. It forms

a belt of high and rolling clay land which shows bowlders and gravel

somewhat more abundantly than the surface of the rest of the county.

It is believed to be of the nature of a glacial moraine, and was probably

thrown down by the ice at a period when the retreating ice-foot was

nearly stationary for a long time at about that place. It is very similar

to those other very extended Drift moraines that cross north-western

Ohioj but is somewhat more clayey than they. Its connection with

them is not known, but it was doubtless cotemporaneous in origin with

one of them. The elevated region in Logan county, where there is an

island of Devonian rock which withstood the ice-period, was a disturbing

element in the otherwise very .regular contour of the foot of the glacier.

Union county seems to have been in the pathway of a spur or branch of

the ice-sheet, and to have suffered very extensive erosion thereby.

After the actual withdrawal of the ice from the county, the drainage of

a large tract of ice-covered surface would have passed principally through

the same pathway. This pathway is bounded on either side by a per-

sistent barrier of Corniferous limestone. It is probable, also, -that the

Waverly overlay this area, at least in the Logan county island, since

fragments of the Berea grit are found in the Drift in the south-western

part of Union county. The effect of this drainage over the county is

probably seen in the near approach to the surface of heavy gravel beds

in the Drift over wide tracts, although the level of the county in the

same tracts is now that of the general country, and is perfectly flat.

This may be seen in the frequent gravel pits about Kichwood and Essex,

where the surface is outwardly comparable to that of the Black Swamp
of north-western Ohio, but is so closely underlain with gravel that

almost every cellar encounters it within three or four feet. This gravel

belt runs southward toward Pharisburg, and is also penetrated on the

farm of Mr. Josiah Westlake, a mile and a half north of Marysville,

who avers that small " shiner fish " appear late in the summer, or in the

fall of nearly every year, in a shallow well .curbed by a " gum," which is
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inserted in an excavation penetrating to the gravel, or to the water of a

subterranean lake.*

The same phenomenon of gravel closely underlying the surface of a

fiat country occurs on the south side of the moraine ridge in Union town-

ship. There the "Darby plains," which constitute a fertile and fine

agricultural tract, are based on a gravelly subsoil.

Wells and Springs.—The following observations on the common wells

of the county are of interest. They give some idea of the accessibility

of water for domestic purposes, and of the composition of the Drift, as

well as of its thickness at various places :

Owner's name. Location. eg *~

<D

O
H

Through what. Remarks.

J. H. Felkner .. 25

47

25
15
20
27
22
24

12

20
17

20
30
30
17
22

22
22
25
31
14
36
52

12
60
55

*

25

47

25
15
20
27
22
24

12

20
17

20
30
30
17
22

22
22
25
31
14
36
52

12
60
55

Yellow and blue
clay j..

12 ft. yellow clav,

28 ft. blue clay,

Josiah Westlake. 1J mile north of

Dover township

tt

tt

tt

Mill Creek

Pharisburg

a

tt

1 mile N. W. of

Pharisburg..:...

Jackson town'p.
tt

Washington tp..

Good water.

Irony water.
Good water.

it«(

a

Aaron Sewell
Widow Ligget ...

Eob'tThompson

Clay and gravel ...

tt

Blue clay and gra-

tt

Sulphurous.
Good water, in
sand.

Slightly sulph' us.

Good water.

B. W. Welsh
Widow Scott
John Elliott

Yel. and blue clay

u
a

G. W. Merritt
(<

u
u

William Moffltt.. Brown and blue
clay, and gravel..

tt

Clay and gravel ...

B. A. Martin it

tt

Struck the rock.

J. M. Darling
John Southard...
Wm. T. Fulton ..

J. T. Gates
York township..

Good water.
tt

tt

tt

Public pump
it

u u

Brown and blue
clay, and gravel..i

tt

Bitter water.
Good water.

it

Little water.
n « y

Plenty of water.

* This circumstance would not be mentioned had it not been frequently reported

by others in reference to certain wells in Defiance and Fulton counties. The facts are

given with great circumstantiality and positiveness, and can not safely be denied.
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Wells and Springs.

Owner's name. Location.

<0

4^ O
<|> g

43
O
H

Through what. Remarks.

1 2 miles east of

1 mile N. W. of

Allen Center...

it

1 mile south of
Allen Center...

Milford Center..
u

1J mile west of

Pleasant Valley

Pleasant Valley.
New California..

a

63

13
11
11
30

22

32
26

33
23
22
54

51

63

13
11

11
30

22

32
26

33
23
22
54

51

Paschal Spain....

In gravel a
a ct

Henry Poling a

Brown and blue
clay, and gravel..

Brown clay and
gravel

Slightly bitter.

Public pump
Wm. M. Winget.

u

E. W. Barlow

Brown and blue
clay, and gravel..

it

a

In gravel

Good water.

Irony water.

S. B. Woodburn.

Widow Bain

Brown clay, 15 ft.,

blue clay, 39 ft...
(i

Bitter water.
u

(

MATERIAL RESOURCES.

The most of the county is poorly supplied with building stone. This

necessary article is imported from Logan county, where the Onondaga
quarries at Middleburg afford a good stone, from the quarries in the

Hamilton, at Marion, in Marion county, and from the same at Delaware.

The quarries in the limestones "of the Devonian, in the south-eastern

part of the county, would probably be better patronized if better roads

intersected that section, and if the quarries themselves were energet-

ically developed. Not much lime is made in the county, the kiln of

Thompson and Brown, in Mill Creek township, doing more than all

others united. A kiln has recently been opened near Union,ville, by
Sager and Robinson, for burning the Waterlime, and at Plain City the

beds of the Delhi stone are burned by William Lamb, the stone being

hauled from Dublin, on the Scioto River. William Bales burns a little

lime in the extreme western angle of Allen township, from loose pieces

of limestone taken from gravel banks and from the bottom of Darby

Creek.

The Drift clays, however; are freely used in the manufacture of red

brick and tile. The following list embraces such brick and tile yards as

were noticed in the survey of the county : '
•
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John "Weaver, 1 mile south-east of Marysville Brick.

Peter Daum, 1J mile south of
" "

E. Weller, f
" " Tile and Pottery.

Casper Scheiderer, 3J miles south-east of Marysville Tile.

Grandy and Parsons, Richwood Brick and Tile.

Albert Merritt, " Brick.

E. Philips (formerly), " Pottery.

Franklin Bros., 2£ miles east of Pharisburg Brick.

Jordan and Orary, Allen Center Tile.

A. Moran, Irwin P. ". "

Wm. Gillespie, " "

Mitchell and Snodgrass, Unionville Brick.

McCune and BrO., Plain City "

Horn and Son, " .' Tile.

Absalom Rudolf, 2 miles north-east of New California .' Brick.

There is a great deal of standing timber yet in Union county. Exten-

sive lumbering is carried on in the eastern part of Jackson township

by Hazen and Sons.

The natural features and the geological structure of the county will

forever preclude the development of any other element of material wealth

that will rank with that of agriculture. The community is very largely

one of farmers, with only such necessary professional men as they need.



CHAPTER XL.

REPORT ON THE GEOLOGY OP PAULDING COUNTY.

. BY N. H. WINCHELL.

SITUATION AND AEEA.

This county lies in the north-west corner of the State, and borders on

Indiana. It occupies the angle between the Auglaize and Maumee
Rivers before their union, extending a little beyond the limits of that

angle on both streams. Its area is given by the State Board of Equali-

zation at 259,235 acres, of which 21,443 acres are arable, or plow land

;

7,552 acres meadow or pasture land ; and 230,240 acres uncultivated or

wood land.

NATURAL DRAINAGE.

The Maumee is the principal stream of the county. It cuts off the

north-west corner of the county, running north-easterly. In a similar

manner the Auglaize cuts off the north-east corner, running north-

westerly. They unite a short distance north of the north line of the

.county, at the city of Defiance. The slope of the county is very gentle

toward the north-east, and all the other streams flow in that direction,

the most of them uniting with the Auglaize. The streams are all slug-

gish, and flow with a winding course through wooded land, which is also

to a large extent very slowly drained of surface water in the spring.

SURFACE FEATURES.

These are to a great extent hid by the existence of a heavy growth of

forest timber. About eighty-nine per cent, of the acreage is classified as

" uncultivated, or wood land." In general the county is an unbroken

plain, the valleys of streams, eroded entirely in the loose Drift materials,

constituting almost the only variations from a dead flat. On the north

,

- side of the Maumee there is a gentle descent of about forty feet between

the county line and the north bank of the Maumee, at Antwerp, with a

further descent of about fifty feet to the water level. This dense forest,

which is but little intersected by roads, is the hunting ground for parties

coming in the fall of the year from the central and southern parts of the
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State, who capture the common deer, and an occasional black bear and
wolf.

Soil and Timber.—The soil is that which is characteristic of the well-

known "Black Swamp." The entire county is embraced in that tract.

It is mainly clayey, if not clay. Bowlders and stones are not common
on the surface. In the beds of the streams, though, there is no apparent
diminution. The banks of the Maurnee sometimes show a-finely lamin-
ated clay, reaching, at some points in the county, ten feet in thickness,

forming the top of the Drift, and giving character to the soil. At other

places the laminated -structure is wanting, and the soil embraces the

usual amount of gravel stones, or even of bowlders, the latter, when con-

cealed from the weather, almost uniformly showing the effect of glacial

action, and in that particular differing from those seen in more southern

counties.

The following list of trees embraces those noted in the survey of the

county. It is doubtless not a complete list for the county

:

Quercus alba—White Oak '„... T>.

Fagus ferruginea—Beech Ait.

Popuhis monilifera-Cottonwood ....: Ait.*

Quercus rubra—Bed Oak L.

Ulmus Americana—Elm (pi. Olayt.) ..«.•...*....' Willd.

Fraxinus sambucifolia—Black Ash ..:* Lam.-
Fraxinus Americana—White Ash „ , L.

Fraxinus quadrangulata—Blue Ash „ Michx.

Juglans nigra—Black Walnut L.

Carya alba—Shagbark Hickory •. Nutt.

Platanus occidentalis—Sycamore .'. Li

Salix nigra—Black Willow Marsh.
Populus tremuloides—Trembling Aspen si. ft Michx.

Tilia Americana—Basswood *
].... j_,.

Quercus imbricaria—Shingle Oak Michx.
Quercus castanea—Chestnut Oak Willd.

Prunus serotina—Black Cherry ; Ehr.

Morus rubra—Mulberry „ X..

Ostrya Virginica—Ironwood Willd.

Acer saccharinum—Sugar Maple .' Wang.
Cornus florida—Flowering Dogwood L.

Acer rubrum— Soft Maple ;, l,

JEsculus glabra—Buckeye ,.,«*....
', Willd.

Prunus Americana—Wild Plum Marsh.
Populus grandidentata—Great-toothed Poplar Michx.
Crataegus coccinea—Thorn L.

Quercus palustris—Pin Oak , DiiBoi.
s Quercus macrocarpa-'-Burr Oak .....'; .'. Michx.
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Zanthoxylum Americanum—Prickly Ash Mill.

Gleditschia triacanthos—Honey Locust L.

Asimina triloba—Pawpaw Dunal.

Euonymus atropurpureus—Wahoo ; Jacq.

Carpinus Americana—Water Beech Michx.

Ulmus fulva—Slippery Elm Michx.

Celtis occidentalis—Hackberry .....'. L.

Cercis Canadensis—Judas Tree L.

Pyrus coronaria—Apple , L.

Amelanchier Canadensis—June Berry Tor*, and Gray.

. GEOLOGICAL STBUCTUEE.

The rocks that have been identified in Paulding county range from the

Waterlime to the Hamilton, including both. The geographical limits

of each formation, as represented on the accompanying map, are largely

conjectural, owing to the very unfavorable surface features that preclude

detailed examination,, as well as to the uniformly undisturbed condition

of the Drift sheet. There is seme evidence of the occurrence of a large

outlier of the Upper Corniferous, or Hamilton, in the central portion of the

county, or, it may be, a long spur from the main strike of the formations.

It is disregarded in the coloring on the map. The following arrange-

ment represents the formations in the order of their superposition,

according to the nomenclature of the Ohio Survey

:

Corniferous,
Oriskany,
Waterlime.

Of these the New York equivalents are represented in the following,

list.* (See Geology of Delaware County.)

Tully limestone,
Hamilton shaly limestone,
Corniferous limestone,
Onondaga limestone,
Oriskany limestone,
Waterlime (of the Lower Helderberg group).

The Ohio "Corniferous" is separable into four distinct and well-defined

parts, the characters of which are persistent throughout the Fourth Dis-

trict. These four parts above represented, by New York equivalents,

are believed to correspond with well-known members of the Devonian.

* I am compelled to say that for- the classification adopted in the above schedule
Prof. Winchell is alone responsible, as I cannot fully indorse it until it shall be sus-
tained by further evidence than has yet been procured. The shale which he calls the
" Olentangy shale " has as yet yielded no fossils, and I see no good reason for sepa-
rating it from the Huron. The rock which he regards as the equivalent of the Tully
limestone may be so, but it has as yet been identified by no fossils of the Tully lime-
stone. It is unquestionably Hamilton, as I have found in it elsewhere Pterineaflabdla,
Tropidoleptus carinatus, and Nyassa aryuia.

The " Hamilton limestone "—No. 4, of Prof. Winchell's section—can hardly be re--

22 , .

.Devonian.
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They are observable, though not yet with the same definite limitations,

in Michigan and Illinois.

The Tully Limestone.—This has not yet been seen in 'Paulding county,

but is visible in the Auglaize River, in N. E. J section 9, Defiance, Defi-

ance county. It constitutes the upper member of the Hamilton, and is

marked in Delaware county by large lamellibranchiate fossils. (See also,

Geology of Delaware County.)

The Hamilton Limestone.—This limestone is known to underlie the

north-eastern portion of the county, and to present many indications of

being in situ in the township of Paulding, near the center of the county.

Its line of contact with the Corniferous limestone is plainly exhibited by
the frequent exposures of rock in the bed of the Auglaize where it

crosses that river in Auglaize township. The lowest outcropping rock

overlying the Corniferous <" Delhi beds" of Delaware county) is seen at

the quarry of Samuel Doyle, at the mouth of the Mttlg Flatrock (N. E. J
section 30), which joins, the Auglaize about three-quarters of a mile north

of the Flatrock.* This quarry furnished the stone put in the aqueduct

at Royal Oak (Newberg on the maps) fifteen years since. At the quarry

the beds are firm and uniform, showing but little shaly tendency, with

dip north and north-east. Some are taken out that have a thickness of

twelve or eighteen inches. It is of a dark, blackish blue
r
and is, on

weathering, found to be charged with Hamilton fossils. At the quarry

but few could be identified, owing to the high stage of the water, but the

following species were seen in the stone put in the aqueduct, where the

long exposure has caused it to check into hundreds of thin beds, and, by
the disappearance of the shaly parts, to disengage numerous well-pre-

served fossils. These beds are rarely or never crystalline, except that

occasional calcite appears in the interior of the shells, but the massive

abutments are crumbling away. Atrypa reticularis, Oyrtia Hamiltonensis,

a handsome Orthis, Spirifera mucronata, Spirifera (large species, resembling

:
garded as purely Hamilton, though it contains many fossils which are usually called
Hamilton fossils, but all these, with perhaps the exception of Spirifera mueronata, are

. also found in the Corniferous of New York. And it also contains fossils which are
regarded at the east exclusively Corniferous ; such as Spirifera gregaria, Pentamerus
aratus, Strophodonta liemispherica, Tentaculites sealaris, and others. It also contains
many fossil fishes andmollusks, which are abundant and characteristic fossils of the
Corniferous in Ohio.

I also regard the separation of the Lower Corniferous into two members; and their
identification with the Corniferous and Onondaga limestones of New York, as prema-
ture, since it is as yet sustained by no palseontological evidence. This subject will be
-found more fully discussed in Vol. I., Part I., pp. 144 and 149-of this Report, and' in
sthe Report on Erie County. j. s. n.

* The Indians called the Flatrock Crooked Creek, and that name still prevails oh the
vmaps.
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S. macrothyris, Hall), Terebratula, Strophomena, Cyathophyllum, Aulopora,

Ocdopora, and various fine incrusting corals.

More enduring and persistent stone belonging to the Hamilton, over-

lying the beds at Mr. Doyle's, is seen S. E. J section 19, Auglaize, with

a dip north and north-east This is owned and quarried by Smith Mead.

,

It is near the highway bridge, east of Junction. This place furnishes

flux for the furnace near Cecil. The beds are hard, blue, and crystalline,

and very similar to the limestone quarried at Sandusky and Delaware,

yet it is almost unfossiliferous, although it contains one or two Cyatho-

phylloids and a Favosites. It also holds considerable chert.

Thomas Columbia's quarry is in similar stone, but a few rods below Mr.

Mead's. Still further north the same or similar beds are quarried on

section 17, in Defiance, Defiance county, by Town Newton, for flux for

the Paulding furnace. Dip still north and north-east.

In section 29, Paulding township, the bed of the Flatroek shows vari-

ous indications of the Hamilton in situ in the bed of the stream, on land

of Judge A. S. Latty and of P. W. Hardesty. Many large fragments

and some pieces of black slate are seen along the bed of the stream, and

there is a noticeable ripple in the current. The indications extend over

the space of nearly a mile, yet the actual beds cannot be seen exposed.

• The Coniferous Limestone.—This term in general is made to cover con-

siderably more than is herein intended to be described, as already ex-

plained. It is here meant to apply specially to a separate and distinct

member of the Corniferous group, as described in the Ohio reports by

Dr. Newberry, viz., to the light-colored arid very.fossiliferous layers that

are first below the blue limestone above described as Hamilton, and

which in the report on Delaware county are mentioned as the " Delhi

beds," but parallelized with the Corniferous limestone of New York.

This limestone has been observed at two points only in the county. It

makes a broad surface exposure—which gives name to the creek—at the

mouth of the Flatroek, and there dips toward the north-east, passing

below the Hamilton. At this place there has been but little artificial

working. It is owned here by Judge A. S. Latty and Calvin L. Noble.

The fossils seen are largely species of corals, with the usual associated

brachiopods. The same beds are wrought for quicklime—N. W. \ sec-

tion 32, Auglaize—by Wm. H. Mansfield.

At Antwerp the Corniferous limestone appears in the Maumee, and is

wrought for flux for the Antwerp furnace. About three feet only are

shown by the operation of the quarrymen ; but the same stone is said to

extend downward three feet further, and to be' succeeded then by a " rot-

ten sandstone," that name being very often applied to a coarse granular
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magnesian limestone, like the Onondaga. The outcrop here causes a

little rapid in the river, although the beds are not bare except where

quarried, the water coming in contact with bowlders only. The most

common fossils are Favosites, Acervularia, Coenostroma, and Cyathophyl-

loids. There is also occasionally a distinct crinoidal structure. Some of

the corals are blackened, and smell of petroleum.' Oil also gathers on

the surface of standing pools of water about the quarry.

The Onondaga Limestone.—This is the lowest member of the Corniferous

group in Ohio. It outcrops further up the Auglaize than the last described,

and is burned for lime by Prank McBvoy, S. E. J sec. 5, in Brown town-

ship. The beds here are thinner than where exposed at a lower horizon.

These heavier magnesian beds are quarried, in connection with the

Oriskany, at Charloe, including also some of the upper layers of the

Waterlime. The river here is thrown into a long series of rapids in

passing these more persistent beds. This quarry is south of the mouth

of Blue Creek, on the west side of the Auglaize, and shows, according to

the statement of the proprietors, the following thickness for the several

members

:

Section at Chabloe.

No. 1. Sandstone, having the appearance of that at Grand Eapids,

. in Wood county ; hard ; sawn off for flagging ; suture-

jointed upon No. 2 ; seen, only 6 in.

" 2. Even-grained magnesian limestone, of a buff color, contain-

ing nodules of chert ; sawn into handsome building

blocks, and exported largely 4 ft.

" 3. Dark drab ; soft ; magnesian ; with some cavities which of-

ten contain straw-colored calcite ..r. 1 " 10 "

" 4. ' Rough ; blue-drab ; close-grained ; heavy and hard, or bree-

ciated and vesicular ; with some pyrites ; in one bed, of

atleast.... ,3 " 6 "

Total seen 9 " 10 "

Of this section, No. 1 is the base of the Oriskany; No. 2 is a stone

«een at other places embraced within the Onondaga limestone ; Nos. 3

and 4 ,jare the uppermost members of the Waterlime. (See Geology of

Wood'County.)

The Oriskany Sandstone.—In north-western Ohio the beds supposed to

represent the Oriskany of New York play an important economical part

in the geology of that district. They do not exceed an aggregate thick-

ness of twenty feet, and are sometimes less than ten ; but from the quar-

ries that have been opened in them in different counties they have sup-

plied stone for the most important structures. The horizon at which

the sandy phase appears exhibits some variation, as has been mentioned

in reports on Wood and Sandusky counties. The arenaceous character
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seems- to be spread more largely through the overlying Onondaga in

Wood county than in Sandusky or in Delaware county. In both of these

counties, as well as in Paulding, the Oriskany
N
merges into the Onondaga

by insensible changes. In Paulding and in Sandusky there is a consid-

erable thickness of a soft magnesian limestone in heavy beds, excellent

for cut-stone, lying below the Oriskany, having no arenaceous tendency.

These beds have very much the aspect of the recognized Onondaga, or

Lower Corniferous, and have been regarded as belonging to that forma-

tion, but are somewhat more bituminous. Their actual place in the

series throws them, however, into the Waterlime, and they have exactly

the characters of that phase of the Waterlime which has been described

as "Phase No. 2" in reports on Ottawa and Wood counties. The quarry

at Charloe is in these beds,- their thickness being about six feet.

The Waterlime.—This limestone affords many characteristic and valua-

ble exposures in the bed of the Auglaize River above Charloe. It ap-

pears S. E. \ sec. 21, Brown, one-fourth of a mile above the mouth of the

Little Auglaize, between the farms of Oliver Young and H. Harmon, on

opposite sides of the river. It is here of a light blue or blue-drab color,

in beds of four to eight inches; hard, yet porous, with Leperditia, and

makes excellent lime. Some of this stone is crystalline, like the Van
Wert county

1

Waterlime, and some is dark drab and rough. The Water-

lime also appears in the Auglaize at the mouth of the Little Auglaize,

showing the characteristic fossil, Leperditia alta;'beds thin, but finely

crystalline. In the N. E. J sec. 34, it is a fine-grained yet magnesian

stone, which under the hammer emits a bituminous odor, and is soft,

like the Onondaga beds of the Corniferous. It here shows in rather

heavy beds, which in a cross section have a curly internal structure,

with bituminous films. Yet these thick layers are intermingled vari-

ously with, thinner, fine-grained drab layers, that show the characters of

" Phase No. 3 " of Ottawa county. In section 35 the bed of the Auglaize

is on the fine-grained drab beds of the Waterlime, which have been a

little worked for local use. Section 1, in Washington, shows Waterlime

of the same kind. It is also exposed in section 29, same township, in

the creek, where it is quarried.

General Section of the Rocks in Defiance and Paulding Counties.— In the

progress of the survey of Delaware county some evidence was obtained

of the Hamilton age of the whole of the blue limestone of that county,

but not such as placed such an opinion beyond the limit of doubt. Ham-
ilton fossils are found in it in various places. The same is true of its

exposures in Marion and Seneca counties, and at Bellevue, in Sandusky

county. But in Paulding county the closest attention was paid to the
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solution of the question, "Do Hamilton fossils extend through the whole

of the blue limestone?"—a question propounded by the Director of the

Survey for the purpose of testing the evidence. It is deemed best here to

present a general section of the rocks of Paulding and Defiance counties,

in order to express clearly the position of the beds that have furnished

the writer the only Hamilton fossils found in north-western Ohio. This

section agrees in all its details with that of Delaware county, except the

attenuation here of the Olentangy shale of Delaware county. Indeed,

this shale, which in the Report of Progress for 1869 is regarded as Ham-

ilton, is seen to be entirely wanting in most places in Defiance county,

the thin, tough black slate layers lying immediately on the hard beds of

the Tully limestone

:

General Section of the Bocks of Paulding and Defiance Counties.

No. 1. Black slate. (Bwror* shale of the Ohio reports.)

2. Blush shale. (Olentangy shale of Delaware county.)

3. Blue and blackish limestone ; hard and silicious. (The
HuUy limestone of New York State.)

4. Blue limestone; the whole, including the lowest ob-

served part of this, holds Hamilton fossils. (The
• Hamilton limestone of New Tort.)

5. Saocharoidal, very fossiliferous limestone. (The Delhi
beds of Delaware county ; the Gorniferous limestone

of New York.)

6. Bnff, magnesian limestone; the.upper half is

thin-bedded, (The Onondaga limestone of

,New York State.)

7. Quartzose sandstone; con-
glomeratic -. in . Delaware
county. (The Oriskany of
New York State.)

8. Heavy-bedded magnesian
limestone. (Phase No.- 2
of the Wateriimelof
Ottawa county.)

9. . Irregular and wavy-bedded,
compact limestone. (Phase
No. 3 of the Waterlime of
Ottawa county.) ''
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No. 1 of this section does not appear in Paulding county, except in

the form of floating pieces transported with the Drift. It is fully de-

scribed in reportSvOn other counties.

No. 2 appears in the Tiffin River, at Brunersburg, where it embraces

a shaly limestone which crumbles under the weather. Such limestone

is in detached lumps and lenticular masses. It is washed out of the

shale near Waldo, in Marion county, by the force of the water of the

Olentangy, where it falls over a dam. It is entirely unfossiliferous, as

well as the shale in which it lies. In north-western Ohio No. 2 is very

much reduced from its observed thickness in Delaware county (30 feet),

and is usually altogether wanting. It is evenly but very thin-bedded,

and is closely related to the Huron shale (No. 1), with which it is inter-

stratified in Delaware county.

No. 3. This holds the place and exhibits most of the characters of

the Tully limestone of New York. Its identity is not established on

palffiontological evidence. It is quarried at Florida, on the Maumee,

and by Mr. Dilz, near Defiance. At the former place it is immediately

overlain by the black slate. Its thickness is six to ten feet.

No. 4 has a thickness in Delaware county of 35 feet, and probably it

will not vary very much from that on the west side of the anticlinal.

There are. no.exposures in these counties favorable for learning its aggre-

gate thickness. In the seasqn of 1871 a collection of fossils, character-

istic of the Hamilton, was made in the N. E. J section 30, Auglaize, in

Paulding county. The species here gathered were those already enume-

rated in the description of the outcrop at that place. Time was not

sufficient then for determining certainly ^he relation of this stone to

the rest of the blue limestone. In the season of ,1872 this point was

made the subject of careful investigation. The result arrived at was

the conclusion that the beds that hold these Hamilton fossils are very

near the bottom of the blue limestone. The evidence is not that of

actual, observed superposition, but that which is based on a series of

observations along the Auglaize valley on the dip of the underlying

rocks. It is a very observable fact; that the limestones of north-western

Ohio are very, evenly and regularly laid down,, and have not been dis-

turbed by any force so.as to introduce exceptional, or.even extraordinary,

dip in any direction or degree. In passing along the valley of anyof

the streams that expose the rock, this fact is very apparent. The,

formations succeed each other in
;
perfect conformity with the known

general dip. It is so in Paulding county. The Waterlime, the lowest

in the series of rocks in the county, occupies the most southerly part of

Jhe county. Its upper horizon unites with ,the Oriskany at Charloe.



344 GEOLOGY OF OHIO.
*

The dip is very slight, but to the north. In regular order, and a little

further north, the Onondaga beds of the Corniferous group appear. Next

the Corniferous proper appears at the mouth of the Platroek, with dip

north-east. About three-quarters of -a, mile still further occurs the out-

crop which holds the abundant Hamilton fossils, there the dip being

in the same direction and to the same amount. This is at the mouth

of the Little Flatrock. A half mile still further north is Mr. Mead's

quarry, in the blue limestone of Delaware, the dip being the same. A
few rods still further north is Mr. Columbia's quarry, in the beds of the

same, or nearly the same, horizon. About three-quarters of a mile still

further north the blue limestone is again quarried,'in section 17, Defi-

ance, Defiance county, where the dip is still north or north-east. About

a mile and a half still further the Tully limestone comes into view, and

is wrought by Mr. Dilz for lime. A mile still further the black slate

appears. Throughout the whole of this distance there is no return of

the strata by an exceptional dip. The beds occur in exactly that order

they should if laid regularly down like the shingles on a roof. The

inference is inevitable that the lowest layers occur iu outcrop furthest

south. Now, as there is no blue limestone exposed to the south of the

mouth of the Little Flatrock, but since there is, on the other hand,

abundant exposure to the north, the dip being observed constantly to

the north, the rock at the Little Flatrock containing the Hamilton

fossils mentioned must lie below the rest of the blue limestone observed,

and very near the bottom of that formation. There can be no other

evidence except that of actual, observed superposition. The writer did

not give strict attention to the subject of the downward limitation of

well-known Hamilton fossils in the survey. of any other county, having

regarded the uniformity of lithological characters sufficient to establish

the essential unity of the whole of the blue limestone, and never having

noticed a lack of corresponding uniformity of palseontological charac- '

ters. Those palseontological characters were sufficient to indicate the

Hamilton age, and the perfect parallelism of the blue limestone with

the Hamilton limestone of the adjoining State of Michigan.

No. 5 is that which is seen in the Auglaize River, near the mouth of

the Flatrock. It .is much different from the blue limestone in lithologi-

,.eal' characters. It is not so hard, nor so dark-colored. The beds are

.generally of about the same thickness as those of the blue limestone,'but

much less uniform. They are apt to taper toward the right or left, and

appear as lenticular pieces. Their upper surfaces are also roughened

by prominent corallites. It is much freer from argillaceous matter than

the blue, and makes a whiter quicklime. It is sometimes crinoidal, and



PAULDING COUNTY. 345
i

its mural faces in Delaware county present an apparent massive struc-

ture, with crumbling surfaces, the pieces falling out being an inch or

two in diameter. Its thickness is about twenty-eight feet.

No. 6 has a thickness of about thirty feet. Its upper portion is thin-

bedded, and fit only for quicklime. Its lower portion is in heavy beds

of twelve or fifteen inches, and is in some places a prized building stone.

It is of uniform grain and composition, being non-fossiliferous, and is

susceptible of being cut or sawn into blocks of any desired dimensions.

It often passes for a sandstone, and has a light cream color when weath-

ered.

No. 7 is perhaps ten feet thick, but only six inches have been seen in

Paulding county. It is sometimes conglomeratic. Several large bowlders

derived from it were seen in the bed of the Maumee, near Emerald.

No. 8 is from six to ten feet in thickness. The quarry at Charloe is

in No. 8.
,

No. 9 is in wavy, or at least in distorted, bedding, a common feature

of that phase of the Waterlime.

The Drift.—This deposit throughout the county was laid down by the

agency of the glacier, but the effect of standing water, which received

the crude detritus from the ice, is seen in the occasional superficial, hori-

zontal lamination of the upper six to ten feet. The bowlders contained

in it are, almost without exception, marked by the well-knoWn glacier

scratches. It contains but little gravel. Sand in Paulding county is

very scarce. That used at the Paulding furnace is from the Maumee
bottoms, section 11, Crane township, land of H. B. Ferguson. Generally

the Drift of the county is very clayey and impervious to water. The

beds of all streams are in it, occasionally touching the rock, never exca-

vated in it. Its average thickness is about 45 feet. The flood-plain of

the Maumee rises about 12 feet above the stage of low water. The mate-

rial of this plain is a sandy loam, containing a great many land shells.

The face of the bank shows them in all parts, and the deposit has out-

wardly every aspect of the "Bluff formation" of the Mississippi River.

It is difficult to resist the conviction . that it has the same origin, its

height there, as here, indicating simply the level at which the river has

been able to transport the materials. The Drift-bank.proper is generally

at some distance from the immediate channel, and rises from 30 to>.4Q

feet still higher. '

Wells and Springs.—In Carryall township are a number of artesian

wells. They prevail most along the North Creek, through the northern

tier of sections. Many wells not artesian find water in a bed of sand

and gravel from 10 to 18 feet below the surface, this sometimes affecting
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and destroying the flow of artesian wells. The water in these shallow

wells sometimes rises nearly or quite to the surface, but' the most of the

artesian wells rise from a gravel bed that lies on the rock. They have

a depth of 30 to 35 feet. This water-bearing stratum may also be the

real source of the artesian flow of some of the shallow wells, since the

first b,ed of sand containing water is known to not infrequently be con-

nected with it so closely as to destroy the flow of the deeper wells. The
general slope of the surface here is to the south-east. The hard-pan

Drift-sheet is the confining stratum. The water finds access to the deep-

seated gravel bed by passing through connected beds of water-bearing

gravel and sand, in some region at a higher level, toward the north-west.

The rock in Carryall township is generally. 35 to 40 feet below the sur-

face, yet it was positively asserted by Mr. •MeCormick. that two wells

about on the section line between 4 and 9 went down 70 to 80 feet with-

out striking the rock. A deposit of yellow lake sand was met at Paul-

ding Center, on Joseph Morrow's land. It does not rise, much above the

surface. There is considerable sand of the same. kind on the land of

L. Baldwin, north of Emerald, near the Maumee, and in Emerald town-

ship, between Six Mile Creek and the canal. Glacial marks were observed

on the Corniferous, section 30, Auglaize, S., 40° W., and on section 31,

Auglaize, S., 48° W. ; on the Onondaga at Charloe, S., 35° W.
The following li$t' of statistics, obtained in reference to wells in Paul-

ding county, will be of importance in this connection

:

Owner's name. Location.

d

© g

4
©

3
Through
what.

Remarks.

1 Sec. 18, Benton
N. E. isec. 21,

tt

1 mile S. E. of

Paulding

25

14
18

.10

28'

25
25
24
23

26

12

1

7i

25

14
18

10

28
25
25
24m

12

Blue clay

it tt

Good water.
a a

E. Blalock
Seeps from

Little water.
Court House In bowlders- Bitter water.
Judge A. S. Latty ..

Mrs. Kate F. Cable.

tt Good water.
tt a it

a

Brown clay;10

ft.; blue clay,

13 ft

Good water in gravel
F.M.Eummel,Esq.. "

> .

u

Water at 9 ft.; rises

T.Emery, Esq

S. C. Dix

14 feet Brown
clay ; 12 feet

within 3 ft. of sur-

face.

il

No water.
Water rises within 3

ft. of top.
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Owner's name. Location.

> M*

PI

<D O

4
T3

O
H

Through
what.

Eemarks.

Dr. D. M. Hixon....

tt tt

Jehiel Seger

1J mile N. of

tt

Sec.31,Emerald
Emerald Sta'n.

tt tt

tt tt

}mile E.of Em-
erald Station.,

Sec. 15, Blue

15
16
30

14
35

35
35

41

15
35

26

30

34

38
13

89J

25

40

13

24

36

45
30
30

40
40

40
40

15

16
30

14
35

35
35

41

15
35

26

30

34

38
13

394

25

40

13

24

36

45
30
'30

40
40

40
40

Clay and sand
it a

Brown clay,10

ft.; blue clay,

9 ft.; sand, 16
inches ; blue
clay, 7 ft..,

In blue clay...

Through blue
clay

Soft water.

"

« tt

Francis Eanish
Patrick Haly

Somewhat bitter.

Good water.

tt tt

Mrs. E. McHamier a Worthless water.
John Young tt

Patrick Haly

Mr. Moonev
Hard-pan clay Good water at 31 ft.

Artesian
;
good water

Good water stands 4

John Hiltv

Sec. 6, Latty ...

Sec.31,Auglaize

tt u

u a

Sec.25,Auglaize
Sec. 5, Emerald

Cecil

Clay and

ft. from surface.

Good water broke
out from the rock.

Clay and
rock.

Mrs. J. Mason
Bitter water.

tt it

L. Baldwin Lake sand, 4
ft.; blue" clay,

9 ft

W. H. Eobertson .. Blue clay and
bowlders
Clay, 21 feet

;

sand, 18 in.;

clay, .4 feet.„

On the rock ....

Clay, 10 feet

;

sand, 2 in.;

cla}% 3 feet...

Clay, 12 feet

;

sand, 2 in.;

clay, 12 feet..

Clay and

M. M. Utley a
Bitter water.

E. C. Durfee it

Good water.
Water at 17 ft.; rises

Jos. Doda a
within 10 in. of top.

Paulding Furnace ..

it

Water in sand.

Sec. 23; Crane..

Sec. 27, " .

Sec. 23, " .

Sec. 16, " .

a tt

Good water rises

u tt Clay
within 8 ft. of top.

a tt

\

Antwerp Furn. Co..

it tt

Clay, hard-

On the rock...

Brown and
blue clay;

on the rock.
tt tt

tt it

tt tt

Sulphur water.
<<

F

(c

No water.
u tt

tt tt u tt tt
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<u | © a> ; Ld -f^
QJ4 *j a -

Owner's name. Location. ^2 a

£2 O
H

Through
what.

Remarks.

Antwerp Furn.Co.. ?4 94 Clay, and 18.

in. in sand... Water rises within
1 ft. of the top.

P. N Harrington .. Sec.
7
Carryall 9i 9i Clay, 7 feet;

gravel, 2£ ft. Good -water.
a a 45 45 Artesian

; good water
u it tt tt 50 50 To the rock... No water.

Fred. Barchard tt tt 40 40 a tt it a

Mr. Lynd u tt 45 45 a t. tt a

tt tt 40 40 Hi a tt tt

(( it a tt 45 45 tt it tt it

Josh. McCormick ..
tt it 32 32 In gravel Artesian.

it K tt a 29 29 Clav, 18 feet

;

¥ sand, 11 feet. Formerly artesian.

S. E. i sec. 4,

"

Carryall Good water ; artesian

Zera Goff
S.WHsec.3,

«( u

0. F. Wentworth ..

ti tt

S. E. 1 sec. 3,

30

to

35

ft.

30

to

35

ft.

Eight other
Caroline Banks

a tt

Noah Ely
N.W.Jsec.10;

neighborsJedediah Banks

Henry Oswaldt N.W.isecll,
|

adjoining
it tt

Perry Van Meter ..
u have artesian tt '

S.E.J sec. 10,
wells.

Chester Lybarger .. S. E. i sec. 3,

\

(t it

Lafayette Fruchey Sec. 2, Carry-
all

Sec. 5, Carry-
all

Sec.23,Carryall

tt it

M. W. Brush
tt tt

47 47 To the rock.... Sulphur water.
n a.

Sec.14, " 5 5 Gravel, clay,

and quick-
Good water in
abundance.

P. W. Hardesty S. E. i sec. 20,

184 18i In gravel and
Slightly sulphur.

<t tt
S. W. J sec. 20,

Paulding 24 24 Clay and
Good water ; form-
erly artesian.

Sec. 5, Latty .. 32 32 a Good water rises
within 9 ft. of top..

Deliv'rance Brown Sec.26,Jackson 28 28 In bowlders- Good water.
James Holtzbury

.

Sec.27, "

Sec. 12, Latty
28

.
30'

28
30-

Good water ; artesian

Artesian.

J. H. Shirley Royal Oak
'38 38 Bitter water.

tt tt 38 38 a a
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Owner's name. Location.
ts's

4

5

Through
what.

Bemarks.

A. Hoot KoyalOak(Br.)

Sec. 35, Brown
Sec. 5, "

Sec. 8,

S. W. i sec. 33,

Auglaize

38

35
36

40?

38

8

38

46

35
36

40?

76

Bitter water at 38 ft.;

Wm. Black On the rock....

sulphur water in
the rock.

Mrs. Nancy Lutz.... Good water stands
within 15 ft. of top.

Jacob Bennett
water.

Sulphur water.

In Caryall township there is a strip of land a little higher than the

river hank, running about a mile north of the Maumee, the surface of

which is more gravelly or sandy, in which wells obtain water at about

six or eight feet in compact gravel. They pass through fine, impervious

clay, the bottom of which is more gravelly. The water is good. This

strip is known and spoken of as a ridge.

At Paulding Mr. Jehiel Seger, a practical well-digger, gives the follow-

ing as the general section of the Drift at that place :

General Section of the Drift at Paulding.

No. 1. Soil and brown clay. .'. 10 ft.

"
2. Blue clay 10 "

"
3. Sand 12-18 in.

"
4. Blue clay , : 10 ft.

"
5. " Bock " (cemented gravel probably—N. H. W.) 18 in.

"
6. Sand and gravel, with water.

It is a current belief at Paulding that wells that go through the "hard-

pan," or the layer of cemented gravel near the bottom of the Drift, are

" through the rock." The rock at Paulding is about thirty feet below

the surface. Mr. Emery's well there reached the Waterlime at twenty-

six feet ; at least drillings brought up were of that limestone.

MATERIAL RESOURCES.

Stone and Brick.—But very little has been done, in Paulding county

toward developing its natural resources ; indeed, it is yet but very sparsely

settled. The county Will never be noted for its mineral products. The
limestones that underlie the county are not known to contain anything

of marked economical value. They are very little exposed, so far as now
known, and the people in some parts of trie county are greatly incon-
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venienced by the total lack of stone suitable for common foundations. It

is to be presumed, however, that as the forest is cleared off, and the in-

spection of the county by settlers is carried to greater detail, many other

outcrops of rock will be discovered. The limestones of the Devonian, in

the northern part of the county, are those most abundantly quarried for

building stone, if not for quicklime, in north-western Ohio ; and the ex-

posures in the Auglaize River are destined to become important in the

future occupancy of the county, inasmuch as they are the only known
outcrops of the blue limestone, west of the great anticlinal, that afford

favorable opportunities for working. They are the same as the Sandusky
blue limestone, and ought to have supplied the city of Defiance with the

foundation stone for the court-house, instead of its being brought from

that distant city. Had quarries been fairly and fully developed at any

points in Paulding or in Defiance county, doubtless the expense of im-

porting stone that could have been obtained at so convenient a place near

home would not have been incurred.

In the survey of the county but two establishments for the manufacture

of brick were met with. One is owned by Jasper N. Hughes, section 24,

Caryall township, and the other by R. S. Murphy," Antwerp.

The Furnaces of Paulding County.—The heavy growth of timber in

Paulding county has invited the establishment of furnaces for smelting

the iron ores of Lake Superior. There are two such in full operation.

One is known as the Antwerp Furnace, located at Antwerp, on the Mau-
mee River, and the other as the Paulding Furnace, located at Cecil, section

23, Crane township. The ore is transported from Toledo by canal. The
subjoined statistics, obtained of the proprietors in reference to these fur-

naces, will give the best exemplification of their size and products.

The Antwerp Furnace, Antwerp, Ohio.—Proprietors, Antwerp Furnace Com-
pany ; President} A. Cobb ; Superintendent, William Sayles.

Number of Furnaces—One ; built by this company in 1865. Height of stack, 42 "feet

height of boshes, 7 feet ; height of hearth, 6 feet ; height of tuyeres, 40 inches ; diam-

eter at throat, 3 feet 6 inches; diameter in boshes,, 8 feet 10 inches; diameter at

tuyeres, 3 feet ; diameter of hearth, 3 feet ; diameter of tuyeres, 3} inches ; number
of tuyeres, 3 ; temperature of blast, not known

; pressure of blast, not known.

Ores.—Kind and' percentage, Lake Superior ores, 65 per cent. Location of mine,

near Marquette, Michigan. Cost of ores, $10 at the furnace. Not roasted.

Fuel.
—

"Kind and cost, charcoal, 7J cents per bushel. Obtained at the furnace.

Fuel per ton of iron, 130 bushels. Ore per ton of iron, 1J (about).

Flux.—Kind and cost, limestone (Delhi beds of Corniferous), $8 per cord of 128

solid feet. Obtained from the river at Antwerp.

Charge.—Ore, 600 pounds ; flux, 30 pounds ; fuel, 20 bushels of charcoal. Charges

in twenty-four hours, 70 ;
production in twenty-four hours, 13 tons.- Kind of iron

:

white, 1-12 of all is white ; mottled, £ of all is mottled
;
gray, f of all is gray.
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Blast.—Kind of engine, upright ; size of steam cylinder, 26 inches in diameter ; size

of blast cylinder, 40 inches in diameter, 26 feet long ; stroke of piston per minute,

about 30 ;
pressure of steam, 40 to 50 pounds ; blast ovens used, Pollock's.

Remarks.—Closed or open top: open, but will be closed. How waste gases are

utilized: in heating blast and making steam. Kind of fire-brick used: Rochester,

Pa. (Samuel Barnes, maker). Average length of campaign, eight months.

The Paulding Furnace, Cecil, Ohio.—Proprietors, Evans, Rodgers & Co. ; Super-

intendent, N. Evans, Cecil, Ohio.

Dimensions of the Furnace.—Height of stack, 40 feet ; height of boshes, 8 feet ; height

of hearth, 6 feet; height of tuyeres, 32 inches; diameter of tuyeres, 3J inches; diam-

eter at throat, 38' inches; diameter at boshes, 9i feet; diameter at tuyeres, about 40

Inches ; number of tuyeres, 3 ; diameter at nozzle of tuyeres, 3J inches ; temperature

of blast, 900 degrees; pressure of blast, 11 pounds per square inch.

Ores.—Kind, Lake Superior; per cent., 66; cost, $10. Location of mine, near Mar-

quette, Michigan. Not roasted.

Fuel.—Charcoal ; obtained at the furnace ; cost, 7J cents per bushel.

Flux.—Limestone, Upper Corniferous. Obtained section 17, Defiance, Defiance

county. Cost, $1.50 per perch at the furnace.

Charge.—Ore, 500 pounds ; coal, 22 bushels ; limestone, 40 pounds. Amount in

twenty-four hours, about 80 charges.

Product.—Amount in twenty-four hours, 11 tons. Kind of iron, all kinds.- About
five-sixthsof all is gray iron.

Blast.—Kind of blast engine used, horizontal ; size of steam cylinder, 18 inches

;

pressure of steam, about 60 pounds ; blast oven used, old plan of cylinders and pipes,

enlarged ; piston-strokes per minute, 25.

Bemarks.—Furnace built by the company in 1864-5. Length of time in blast, 7-J

months. Average length of campaign, 8 months. Waste gases used in heating

blast and generating steam. Kind of fire-brick used, Chenango. Cost, including

freight, $80 per thousand. Annual production: 1869, 2,788 tons; 1870, 2,494 tons;

1871, 2,725 tons. Price of iron: in 1869, about $44; in 1870, about $38; in 1871, $40.

Markets, Cleveland and Port Wayne. Amount of -fuel per ton of iron, 140 bushels.

Close or open top, open.



CHAPTER XLI.

REPORT ON THE GEOLOGY OF HARDIN COUNTY.

BY N. H. WINCHBLL.

SITUATION AND AREA.

Hardin county, like Marion, is situated on the watershed between
Lake Erie and the Ohio River. It lies directly west from Marion, bound-

ed south by Union and Logan, west by Auglaize and Allen, and north

by Hancock. It has an area of a little more than twelve towns.

NATUEAL DRAINAGE.

In this county are some of the sources both of the Sandusky and the

Maumee, which flow northward to Lake Erie, and of the Scioto and
Great Miami, which empty into the Ohio. The Scioto, the chief river

of the county, first flows north, entering the Scioto Marsh, where its

channel is said to become lost in lateral expansion as in a lake. It

leaves this marsh in an easterly direction, and, receiving tributaries

only from the south, it may be said to drain only the southern half of the

county. In a similar manner streams flow northward into Hog Creek

Marsh, in the northern part .of the county, and are thence turned west-

erly along the channel of Hog Creek, which drains that marsh, and

finally reach the Maumee River.
i

The Blanchard, which rises within a

mile of the Scioto at Kenton, also has a general northerly course. In

the township of Goshen there are several small streams
;
which find their

way into the Tymochtee Creek, in a north-easterly direction. The North

Branch of the Great Miami drains southward a small, narrow valley in

the south-western corner of the county. With this exception the gen-

eral slope of the whole county is toward the north. Two natural di-

vides, or ridges, cross the county. The most southerly is that which

prevents the northward drainage of the Scioto Marsh, deflecting the

Scioto River easterly across the county, instead of permitting it to fol-

low the natural slope. Were it not for this ridge it would probably con-

tribute its waters to the valley of the- Blanchard, or through the Hog
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Creek Marsh into the Hog Creek valley. The second divide in the same

way prevents the northward,drainage of the Hog Creek Marsh. Streams

rise immediately on the northern slope of this ridge in Hancock county,

and pursue their course Uninterruptedly to the Blanchard, in a due

northern direction. The northern line of the county runs about on the

summit of this ridge. It is a low, gentle swell in the surface, hardly

observable in passing over the country. The more southerly divide may
be more properly termed a ridge. By reference to another chapter it will

be seen that these divides have been traced westward through Allen and
Mercer counties, and that they are regarded as glacial moraines.

SURFACE FEATURES.

The surface features of Hardin county are dependent on the condition

in which the original Drift was left by the glacier. Thr southern part

of the county, especially in the townships of Buck, Roundhead, and
Taylor Creek, is occupied with a rolling surface: Tue northern portions

of McDonald and Lynn townships are flat, with a clay soil. The south-

eastern part of the county may be denominated flat, or gently undula-

ting. Along the north side of the Scioto and the Scioto Marsh, crossing

the entire county, there is a tract of more elevated land, sometimes

broken by long undulations, and not infrequently rolling or hilly. This

strip has a width of from one to three miles. North of it the surface

becomes nearly or quite flat, with only isolated and unimportant excep-

tions. Three extensive marshes are embraced within Hardin county.

Their aggregate area is about forty thousand acres. Some efforts have

been made to render them cultivable by artificial drainage, and with a

good degree of success. Formerly water covered them the greater part

of the year, but now in summer-time a team can be driven across them
in various directions with entire safety. It is evident that the valley of

the Scioto is the proper, if not the only, channel through which to drain

the Scioto Marsh. By lowering its outlet, and constructing a system of

tributary ditches, the whole area could could be given a dry and arable

soil. Another low valley spreads northward in Cessna township, which
might be utilized for the same purpose

;
yet its outlet is so near the out-

let by way of the Scioto that not much would be gained. There are

some indications that formerly a portion of the surplus water of the

marsh found escape through this valley into Hog Creek Marsh. The
Cranberry Marsh is drained westward into the Blanchard. The Hog
Creek Marsh is drained northward into Eagle Creek, and westward b/
deepening Hog Creek channel, its natural outlet.

The frequent occurrence of such marshy on the broad watershed be-
' 23
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tween the Ohio River and Lake Erie, or near the sources of the streams

which flow in opposite directions from its summit, is a feature in the

general physiography of north-western Ohio which deserves special men-

tion. There seems no doubt that they were once shallow lakes. The

occurrence of shell-marl below the peaty surface, and of sandy deposits

about their margins, indicates not only that there was a time when they

were receiving the annual freshet washings of calcareous matter from

the adjacent Drift surface, but were also agitated by the wind' into little

waves which broke upon a sandy beach. Other similar undrained places

in the old Drift surface, situated further down the slopes of the great

watershed, were sooner filled by the greater accumulation of alluvium,

or were drained by the more rapid excavation of their outlets by the in-

creased volumes of the streams. There is reason to believe that the ex-

tensive prairies ' of Marion and Wyandot counties are analogous to the

marshes of Hardin county, but were sooner brought into an arable state

through the action of the Sandusky and the Tymochtee Creek.

GEOLOGICAL STEUCTTJEE.

The old Drift Furface has been so little disturbed that the underlying

rock is very rarely exposed. ' Hence the details of the geological struc-

ture are unknown. The boundaries of the formations are drawn in ac-

cordance with such outcrops as actually occur, but governed, in the ab-

sence of positive knowledge, by the. indications of the surface features.

The Niagara limestone is known to underlie portions of Blanchard,

Jackson, Pleasant, and Goshen townships, and is also believed to occur

in Roundhead township, west of the Scioto River. Thus Hardin county

not only occupies the watershed between Lake Erie and the Ohio River,

but also holds the separating ground between that belt of Niagara area

which stretches northward to Lake Erie, and that larger area of the same

great formation which extends south to the Ohio River and west into

Indiana. What influence this formation may have exerted in locating

the divide between the two great valleys can only be conjectured. Con-

sidering, however, its thickness—stated by Prof. Orton to be two hundred

and
r
seventy-five feet—and its great persistency in withstanding the

forces of degradation, it certainly could not have been small.

In Goshen township it is exposed in the bed of Paw Paw Creek, S. E. J
section 36, where it has been a little worked for quicklime, on the land

of Mr. Stephen Otis ; also, on section 5, north, land of Hezekiah Hemp,
worked for quicklime.

In Jackson township it has been slightly opened near the Cranberry

Marsh, on the land of J. P. Pence, N. E. \ seetion 30.
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Near Patterson it is seen in the following section on the land of Dr.

A.F.Stanley:

No. 1. Dark drab, slightly porous, with spots of blue and purple; no

fossils vjsible; beds three to four inches; exposed 8 in.

" 2. Surface exposure of somewhat vesicular, even-bedded, and

crystalline Niagara, of a buff color.

The stone is used here for rough walls and for lime.

Section 11. In the Blanchard, and in a little ravine running east

through the section-; land of Thomas Huston and of Jeremiah Higgins;

rapid dip N. E.

About half a mile west of Forest, almost within the limits of the cor-

poration, the Niagara is exposed along a little ravine on the land of John

Campbell.

The Niagara is also said to appear on the land of Mr. B. Jackson, S. W.

J section 24, and of Mr. S. A.. Bower, S. W. J section 14, in the same

township.

The Waterlime underlies the greater portion of Hardin county. Wher-

ever it appears it is in thin beds, which are sometimes blue, and at others

drab, always separated by conspicuous bituminous films. It furnishes a

building stone of ordinary quality by making selection of the thickest

beds, and is considerably burned into quicklime.

Two and a half miles south-east of Kenton Mr. Erhardt Blum met the

Waterlime in sinking a well at the depth of twelve feet. In the same

vicinity a number of other wells terminated in the same way, without a

supply of water.

About two miles' south-west of Kenton the Waterlime is in outcrop

near the railroad, on the land of Mr. Alonzo Teeter. It is a fine-grained,

blue-drab stone, in beds of three to four inches, lying nearly horizontal.

Two and a half miles east of Kenton, on the land of Mr. Nicholson

Rarey, the Waterlime appears in the Scioto in beds of two to four inches.

It has been somewhat used for lime. There are surface indications of the

near approach of the Waterlime to the surface on the land of Dr. William

Chessney, two miles east of Kenton, along a stream known as Allen's

Run. . .

,

•On the land of Mr. T. W. Bridge, in Buck township, five miles south

of Kenton, the Waterlime appears in thin, slaty beds, and has been

burned into lime.

At Dunkirk there .are several quarries in the Waterlime. Mr. Hugh
Miller's is situated a quarter of a mile east of the village ; Mr. Charles N.

Hill's is a mile south. ' At the former it lies in blue-drab, slaty beds,

which are torn up by picks and crow-bars, and used for road-making;
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exposed eight feet; dip east and west. In the latter the stone is of the

same quality, but is less exposed. The quarry of .the Pittsburgh, Fort

Wayne and Chicago Railroad Company, near the village, shows about six

feet of the same or similar beds.

North of Ada the Waterlime, in thin beds, is exposed along Hog Creek.

. It was also encountered in ditching for the outlet of the marsh. It is

here made into quicklime by Samuel Coon. Near the county line quar-

ries in Hog Creek are owned by Isham Kendall and John Trussell. The
former burns quicklime.

In Pleasant township the "Waterlime may be seen in the Blanchard, at

the "Camp Ground," and in its tributaries in sections 6 and 7; also on
the land of John Osborn arid of Jacob Kirtz, S. W. J section 6.

In Blanchard township, section 31, Michael Zigler, John Sargon, and
Mrs. Hedrick have small openings in the same stone.

Mr. Roland Park has a quarry in the thiri blue beds of the Waterlime
on the S. E. \ section 12, in Jackson township. Mr;. Park's quarry is

believed to be in some of the lowest layers of the formation. The Niagara

probably occupies the base of his section as exposed, but could not be

certainly ascertained.

The Lower Comiferous.—In the southern portion of the county, includ-

ing portions of Taylor Creek and Hale townships, the area colored on the

county map to represent the Corniferous limestone is so marked on the

evidence of surface characters. These characters consist in a more roll"

ing and gravelly surface, with occasional northern bowlders, and seem to

extend northward from Logan county, where this formation has intro-

duced, as in Sandusky and Seneca counties, already noted, a marked
change in the general topography. ,

The Drift.—The mass of the Drift in Hardin county is an unstratified

glacial deposit. It is divided into the two usual colors : the brown, which

forms the soil where it has not been covered with alluvial or paludine

accumulations, and has a thickness of ten or twelve feet ; and the blue,

which has an unknown thickness, but in some cases is known to exceed

fifty feet. South of the "dividing ridge," which divides the county into

nearly equal parts, the Drift contains much more assorted gravel and
sand than it does north of the same ridge. Knolls and ridges, known as

" hog's-backs " and " devil's-backs," are met with in Taylor Creek and
Buck townships. The township of Roundhead and the southern part of

McDonald afford abundance of gravel, which may be taken from many
of the numerous knolls with which the country is diversified. The im-

mediate surface of these knolls, as well as of the whole county, consists of

the brown hard-pan, the stratified parts rarely rising to the top of the

deposit. Yet the stratified parts of the Drift are nearer the surface south
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of the Scioto than they are on the north of that river. Wells at Kenton,

on the south side of the river, pass through sixteen to twenty-four feet of

hard-pan clay, finding water in gravel and sand. At the same place, on

the north side of the Scioto, they are dug from thirty-five to sixty feet,

entirely in hard-pah, sometimes without finding a supply of water.

Near Fort McArthur the remains of a mastodon have been obtained

from the surface of the Drift. They were considerably scattered from the

place of original deposit, and but part of the skeleton could be obtained.

MATERIAL RESOURCES.

Hardin county is poorly supplied with building stone, even for the

rougher kinds of walls and foundations. Considerable stone, of the best

quality, is brought from the Lower Corniferous quarries at Marblehead,

near Sandusky, and from those at Bellefontaine. Considerable is also

brought into the northern portion of the county from the blue Waterlime

quarries at Lima. The Waterlime quarries at Belle Center, in Logan

county, supply the Kenton market with quicklime, as well as furnishing

stone for a great many foundations. In the northern part of Marion

township bowlders have been gathered from the surface, and from chan-

nels worn in the Drift by streams, and used for foundations and walls.

There are favorable* opportunities for the development of the Niagara in

the vicinity of Forest, and in the valley of the Blanchard, in Jackson

township, which certainly cannot remain long unimproved. The Niag-

ara limestone, owing to the, thinness of the beds of the Waterlime, will

prove the more valuable formation, both for building stone and for quick-

lime. ' It ean also be more cheaply burned than the Waterlime. The

latter, however, excels for flagging.

, Clay, sand, and gravel from the Drift deposits, in the absence of con-

venient stone, have been more frequently resorted to for building material

than in neighboring counties. Establishments for the manufacture of
t

'

brick are common throughout the county. A number of farmers some-

times combine for the purchase of the machinery necessary to manufac-

ture enough for themselves, and for sale, to make up for all outlays.

Brick are made at Kenton.by Henry Loeffert, Henry Kreihnbeihul, Wil-

liam Richards, and by Conrad Kahler. Tiling is made at the same place

by Dean and Rarey and by Thomas Clemens and Son. The latter firm also

burn considerable red pottery.

A commendable spirit of enterprise prevails in Hardin county in the

construction of gravel roads. A series of such are being built across the

county, chiefly radiating from Kenton, the county seat.

New Roundhead village is a deposit of bog ore, Wjhich is disturbed by

the plow in the cultivation of the field ; land of Thompson Irving.
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REPORT ON THE GEOLOGY OP HANCOCK COUNTY.

BY N. H. TV1KCHEI.L.

SITUATION AND AREA.

Hancock county is situated within the Lake Erie Talley. Its county

seat, Findlay, is."forty-two miles almost due south from Toledo. It is

bounded north by Wood county, east by Seneca and Wyandot, south by

Hardin, and west by Allen and Putnam. It contains nearly fifteen

towns.

NATURAL DRAINAGE.

The Blanchard is the principal stream of the county. Entering it

from the south, after flowing fifteen miles in a northward direction it

turns at a right angle westward, and continues in that direction till it

passes into Putnam county, receiving tributaries only from the south.

Among these may be named Lye Creek, Eagle Creek, and Ottawa Creek.

In the northern part of the county different branches of the Portage

also take rise, flowing first toward the west and then toward the north.

These are all small streams, although the Blanchard, which is subject to

sudden and sometimes devastating increase of waters, was declared by

the early surveys navigable as far as Fort Pindlay. * •

SURFACE FEATURES.

The country in general may be denominated flat. This is particularly

the fact in the townships of Delaware, Madison, Eagle (except the south-'

ern portion), Jackson, Amanda, Big Lick, and Marion. These townships

also contain vast tracts of the aneient forest. They are poorly drained,

both naturally and artificially, and in many extensive areas the surface

is under water for several months in spring ancf early summer. While

the remainder of the county is diversified with a little undulation of

surface, it also contains some very flat tracts. Rarely, however, "are these

flat tracts, even in thj townships specified, covered with a black or peaty
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soil. On the contrary, it is a tough clay, with very little or no gravel,

and almost no noticeable bowlders. The latter may be seen only along

the eroded channels of the streams, as at Mt. Blanchard and at Findlay,

or on the ridges which cross the county, as on the Van Wert ridge, west

of Findlay. In general, that portion of the county north of the Blan-

chard is more undulating than that south. Between the Leipsic and

Belmore ridges is a low and often marshy belt, known as a swale, while

north of the latter ridge the country is altogether low, and often wet

with standing water for a number of miles. The ridges which cross the

county are simply strips of rolling, gravelly land, somewhat elevated

above the adjacent flat on either side, in which stratified gravel and

sand may often be found within a few feet of the surface. They are sep-

arately described in a former chapter.

The streams of the county are accompanied, as in other counties in

north-western Ohio, with a sandy flood-plain rising from three to ten

feet above the summer stage of the water, and sometimes coinciding,

with the general level of the country, as in some parts of Jackson and

Marion townships ; and with a higher terrace, consisting of the exposed

section of the Drift as left by the action of the river, and inclosing the

river valley. The latter is sometimes thirty or forty rods from the bed

of the stream, its height depending on the contour of the original Drift

surface and the depth to which the river may have worn its channel.

The soil of the county is clay, with very little intermixture of gravel,

except @n the ridges, where it is not infrequently gravelly, or even stony.

Between McComb and Lewisville there are one or two strips of black
• and peaty soil.

GEOLOGICAL STRUCTURE.

The rocks which underlie the county belong to the, Niagara and the

Waterlime, the former underlying the latter. The Niagara is found in

the eastern part of the county, and the Waterlime in the western, the

dip of both being toward the west. The line which separates them
crosses Delaware township in a northerly direction, east of the Blanch-

ard ; enters Jackson township in section 26, and leaves it in section 5
;

runs one-half mile west of Findlay, whence it follows a course nearly

due north out of the county.

The Niagara has its principal exposures in the Blanchard, at Findlay,

and in the township of Marion. It is frequently seen in the bed of Lye

Creek, and also in Eagle Creek, near Findlay. The quarry of Messrs.

Pressnel and Shirden, at Findlay, which has been in operation nearly

eighteen years,
(

still furnishes a great deal of stone, both for foundations,

for flagging, and for lime. It lies in courses of three to six inches, is of
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a dark drab color, with darker mottlings of blue and purple, and slightly
porous. It weathers a buff. The surfaces are very often roughened by-
small angular prominences which fit into corresponding depressions in
the superimposed layer, forming the peculiar structure known as suture-
jointed. The beds here lie nearly horizontal, although at other places
near they show a slight dip both south, south-east, and sou ib-west. De-
scending the creek fr,om Pressnell and Shirden's quarry, the same charac-
ters are seen in the rock, which shows constant surface exposure to its

junction with the Blanchard. Two or three short anticlinals occur in
the bedding within that interval, and the beds are often glacier-scratched
in a direction south 40° west. The bed of the creek lies on the surface
of the rock, without having made any sensible excavation. Further up
the creek are the quarries of Mr. Chris. Neucer, on iarid of Dr. B. Raw-
son, which also supplies stone for all the uses to which the Niagara is

adapted, and of Mr. E. P. Philips, the latter on the N. W. J, S. E.-J sec-.
tion 30, of Findlay township, and embracing also a few beds of the over-
lying Waterlime.

S. E. £ section 18, Findlay township. In the bed of Lye Creek the
Niagara appears in thick beds, and has been burned for quicklime by
Mr. Isaac Harshy. Along this creek the Niagara may be seen on section

10, Jackson township, where it is in porous beds of three inches, rusty
and shattered from' exposure ; and on S. E. £ section 33, Marion town-
ship, where the bedding is the same, showing some blue and gray on
fracture, and frequently to the junction of the creek with the Blarlchard.
It also was observed on S. W. i section 27, Marion township, on land of
Samuel Essex, in the bottom of a ditch, and in the S. W. J section 33, in
a ditch by the side of the road.

In the Blanchard it is quarried in sections 12 and 1, Amanda town-
ship, where it is gray and vesicular. After it has been weathered a
short time it acquires a greenish tinge, and also becomes firmer. A spe-
cies of lllsenus was met with here. On section 21, Marion township, it

lies in massive gray beds. Mr. Allen Wiseley has opened it in the
Blanchard on N. W. J section 23, and it is abundantly exposed on section

16, both of the same township. Near Pindlay it is quarried by Mr.
Squire Carlin and by Mr. William Pilcher. Under the highway over
the Blanchard at Pindlay it has a characteristic surface exposure, where
the current of the river has washed away the left bank so as to uncover
a beautiful exhibition of glacial marks.

In the township of Cass the Niagara is wrought for lime and for foun-
dations by Mr. John Frank, on the S. W. J section 4. Beds have here a
thickness of three to six inches; loose .and vesicular.
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In Allen township, N. E. \ section 8, on land of Mr. Joshua Workman,

the Niagara furnishes heavy stone for bridge abutments, some of the beds

being a foot or more in thickness, yet somewhat vesicular.

The exposures of the Waterlime are very frequent in Hancock county.

Not only is it frequently bare in the bed of the Blanchard, where it flows

over that formation, but the small creeks which enter that stream from

the south are very often running immediately on the rock. It also causes

occasional mounds or ridges above the general level. These rise and fall

again to the surrounding level -with a gentle inclination, and are, no

doubt, dependent on the undulations of the strata. They are only found

in the southern part of the county, at least only south of the Van Wert

Eidge.

In Delaware township the following exposures were noted

:

N. W. \ section 2. In the bed of the Blanchard Mr. Solomon Shafer

takes out thin blue flags. Some beds are only a quarter of an inch. It

has every feature of the Tymochtee slate of Wyandot county.

N. W. \ section 35. Mr. Solomon Ripley has a slight opening in thin-

bedded, fine-grained drab stone.

N. ^ of section 1. Mr. Henry Greer has a quarry, or a slight excavation,

in thicker drab beds. Further south, along Potato Creek, more irregular,

fine-grained, but blue and compact, layers may be seen. Mr. Greer's

quarry is situated on the line of geographical limits of the formation,

and affords a very slight exposure of the Niagara.

Mr. John A. Rose has a quarry in the Tymochtee slate, in the southern

part of section 14, as follows, from above :

No. 1. Fissile, slaty beds, about one-half inch thick ; dark drab,

with bituminous partings 6 in.

" 2. Bluish-drab or ashen; fine-grained and compact; beds

three to four inches. The interior is a bright blue,

which on weathering, even in the quarry, becomes

ashen 1ft. 6 "

Mr. Josiah Fail has a quarry in similar beds on section 11.

N.W J section 23. At the junction of a little creek with the Blanch-

ard the beds appear one' to two inch'es thick, and very perceptibly

tinged with blue. Thicker beds are slightly vesicular and of a drab

color.

N. W. £ section 4. A limestone ridge which covers portions of four

contiguous sections, cornering near the quarry, is wrought by Abdiel

Gobrecht, mainly for lime-burning. This ridge is a little over a mile in

length north and south, about half a mile in width east and west, and
rises perhaps thirty feet. The beds, where uncovered, which is on the
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summit of the ridge, are from a half inch to four 'inches in thickness, of

the usual drab color and fine grain. The quarry exposes six feet of hori-

zontal bedding.

The following outcrops of the Waterlime were noted in Madison town-

ship :

S. % section 30. Worked for lime and for stone, on land of Ulrich*

Thomas and of Jacob Bower. It also appears on land of John WilsOn,

half a mile south, on section 31.

S. E. J section 24. On Abram Roderbauch's farm.

N. E. \ section 23. On Michael Simms's land.

Section 11. Slightly quarried in the creek, on the land of Nicholas

Price.

N. E. \ section 11. At the highway bridge, and at other places near,

where a little stone has been taken out for common foundations.

, In Jackson township, about the center of section 8, Mr. William Bishop

burns quicklime from Waterlime beds of about two inches. The bedding

here, as at Mr. Gobrecht's quarry, shows some disturbance, which has

displaced the layers.

In Pindlay township the Waterlime was seen at the following expo-

sures :

S. W. £ section 30. Here are the adjoining quarries of S. R. McCahan

and George Woodley. They are located near the southern end of a ridge

of Waterlime which is nearly three miles in length, running north and

south, and reaching into section 14 The following descending section

was taken at this place, dip west and south-west

:

No. 1. Thin-bedded* drab ; used only for macadamizing roads ... 5 ft.

" 2. Drab flags, in even beds two inches thick 4 in.

" 3. Coarse-grained; porous, and in some places carious; rough;

dark drab or brown 1" 3 "

" 4. Hard, thin, irregular or lenticular beds, sometimes appear-

ing massive, with cavities; exposed 2 "

Total exposed -.
'. 8" 7"

No. 3 of this section has every appearance of being the equivalent of

No. 1 of the section at Anderson's quarry, on section 22, Pitt township,

Wyandot . county, and 'of No. 10 of the section near Cary's quarry, sec-

tions 27 and 34, Crawford, in the same county.

Near Pindlay, on section 24, Mr. Elijah Barnes has opened a quarry

in the same ridge, and exposed about six feet of beds undistinguish-

able from those of No. 1 of the foregoing section. The beds are here

shattered, and part in quarrying into angular pieces of a few inches

across ; dip, ten degrees west south-west.- About twenty degrees south-west
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of Mr. Barnes's quarry Mr. A. P. Byall has made an'opening in similar

beds, which must lie twenty feet at least above, and have tbe same

degree and direction of dip.

S. W. J section 33. Mr. Jacob Feller burns lime from an exposure

along a little ravine ; beds, four to six inches ; dip, east.

Tbe Waterlime is also exposed in Eagle township as follows :

N. E. J section 35. In Eagle Creek, land of J. C. Bickett; used for

walls and foundations.

N. W. J sectiqn 24. In Eagle creek, land of J. D. Bishop.

N. W. % section 28. Land of J. L. and Joseph D. Keller.

S. W. | section 33. On George Rheinhardtfs farm.

S. W. J section 24. In Eagle Creek, land of Coonrod Line.

Five miles from Findlay, along tbe Lima road, may be seen one of the

peculiar undulations in the surface caused directly by the Underlying

rock, so common in the southern half of the county. They would often

not be noticed were the surface not otherwise monotonously fiat. This

rises perhaps twenty feet, and is a half mile over. The approach of the

Waterlime is only revealed by a few weathered fragments that may be

seen in traveling over the ridge, the country in either direction being

stoneless.

. In Liberty township the only known ' outcrops are in the bed of the

Blanchard. One is onSB.f section 8, at Croninger's Mill, where that stone

is in thick beds of twelve to fifteen inches, and answers very well for

abutments for bridges. It is very rough and irregular, with a mixture

of loose and close-grained patches, the latter predominating. It is the

equivalent of No. 4 of the section at McCahan and Woodley's, in Findlay

township. The same bed, owing to irregularities of dip, is seen on Mr. C.

Byall's land, in the Blanchard, S. E. J section 10, where it is also quarried.

In Blanchard township the Waterlime was seen in the S. E. J section 14,

in the bed of the Blanchard River, where it lies in even, fine-grained,

-. blue layers of about four inches ; useful for a building material. The

opportunities for obtaining the stone are so unfavorable that but little

working has been done. It is also said to occur in the same" stream at

other points further west, particularly on section 19, near the county line.

- In Ottawa Creek it appears S. W. J section 36, on land of S. Fogelsong.

In Union township, south of the Van Wert Ridge, the bed of the Ot-

tawa Creek very often discloses the Waterlime. At most of these places

the formation is wrought for stone for foundation ; and, occasionally,

small quantities of lime are made for the convenience of the neighbor-

hood about. The following points maybe mentioned: S. W. J section 25,

by Mr. Amos Yeagley ; center of section, 36, by Mr. William Hannah

;
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section 26, on'land of William C. Needle and of Daniel Cornwall ; N. E. \
section 36, on Abram Spangler's land ; S. E. \ section 25, on Peter Help-

man's land; S. W, \ section 25, on George Rbeter's land; .section 2,

quarry of Philip Powell ; S. W. \ section 1, quarry of D. Powell; N. E. \
section 11, land of James Teatsworth, Sen.

In Orange township there are quarries in the Waterlime N. E. \ sec-

tion 20, by Mr. A. H. Thompson, and N. W. \ section 7, in the bed of

Reilly Creek, by William H. Ewing.

In the township of Portage, section 15, are the quarries of Mr. Jacob

Kempfer and of Mr. Samuel Kalb. These are located along the north

slope of the Leipsic Ridge, and probably owe their existence to the de-

nuding action of the waves of Lake Erie, of the former presence of

which in the northern portion of the county there are some indications,

as already remarked in the chapter on the Drift in North-western Ohio.

These quarries . supply a wide range of country with quicklime and

stone for foundations and bridge abutments. The beds are thin and

often bituminous, with frequent films, their average thickness being be-

tween two and three inches ; exposure six to ten feet ; dip west.

The Drift consists of brown and blue hard-pan, the former furnishing

the soil, except where it is covered with later alluvial or paludine accu-

mulations, and extending downward from ten to twelve feet. The thick-

ness of this deposit cannot be certainly stated- It is hoticeably thinner

in the southern part of the county than in the northern. South of the

Van Wert' Ridge its thickness would probably not exceed twenty-five

feet. It lies very evenly, shows no denudation except such as may be

due to the present streams, and in some cases does not conceal the irregu-

larities in the rocky surface below. Such irregularities, when figured in

the form of ridges disclosing the rock, immediately recall the "limestone

ridges" of the "Lacustrine region," so common in counties further north.

The similarity of the two extends no further than the name. In exter-

nal aspects the Drift phenomena here are the same as already described

in connection with the ridges near Carey, in Wyandot County, excepting

the feebler scale on which they are here exhibited^ The ridges are

much smaller, and the ascents are more gradual. The rock is rarely

seen laid bare by the washing off of the Drift deposits. Quarries in

these ridges are almost invariably located along some small ravine which

has been excavated by the wash of the hill-side, and are usually near the

base of the ridge or on the slope, the whole being evenly covered with

Drift. No sand banks are accumulated on these ridges, however high

they rise, and no bowlders' are scattered in bands about their bases, or

bestrew their surfaces. They are not noticeably more frequent than in
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any rolling country where the finer materials of the Drift have been

partially washed out by the rains. North of the Van Wert Ridge—at

least north of the Blanchard River—the Drift 'deposits reach a greater

thickness. At McComb, a point on the Leipsic Ridge, wells are said not

to reach the rock at a depth of eighty feet. At Arcadia, also in the

northern part of the county, water is obtained, without reaching -the

rock, at forty-seven feet. Qn the other hand, the average thickness of

the Drift south of the Blanchard, judging from the height of the river

banks,.and the very frequent exposure of the rock in the streams, cannot

exceed thirty feet. This moraine-like thickening of the Drift must have

been the cause of the westward drainage of the southern portion of the

county through the valley of the Blanchard, instead of northward

through the valley of the Portage.

MATERIAL RESOURCES.

The underlying formations are not known to possess any minerals of

special economical value. The only uses to which they can be put is the

manufacture of lime, and stone-quarrying for building purposes and for

paving. For both of these purposes they are admirably adapted, and
some of their outcrops afford unusual facilities for acquiring the stone in

the necessary form and, abundance. The lack of railroads has a discour-

aging effect on these enterprises, and at the present time but little more
is effected than the supply of the home markets.

The Drift affords every where in the county abundant materials for

the brick-maker and the potter. The lack of sufficient sand for mixing
with the surface of the hard-pan clay in the manufacture of brick is the

principal difficulty in that branch of industry
;
yet 'the brick made are

some of them of superior quality. Tile-making is also extensively car-

ried on at Findlay, and at other points in the county. The following

establishments of this kind may be enumerated

:

Martin Hirsher, Findlay Tiling and pottery.*

Louis' Brunqr, " Brick.'

Gates O'Hara, "

John Karst, half mile west of Findlay 1 Tiling.

Robert Dorney, Arlington Brick.

William McKinley, S. W. $ section 1, Orange township "

Elias Wilson, section 4, Delaware township "

Frank Brown, section 36, Pleasant " Brick and tiling.

Davis Pendleton, " " " '.'

Brick.

Andrew Powell, N. E. £ section 34, Liberty township "

Matthias Markley, section 28, Union township .' "

James Kelly, section 1, Washington " ' "



366 GEOLOGY OF OHIO.

Mr. Hirsher, at Pindlay, not only manufactures the common red pot-

tery from clay found in.the Drift at that place, but he makes also a supe-

rior pottery from fire-clay imported from Portage and Summit counties.

The average product of his establishment is sixteen to eighteen hundred

gallons per week the year round. The clay in its natural condition is

subjected to a pug-mill process with a little water, molded by hand, and

burned with a regular heat for about two days. A glazing is produced •

by pouring over the articles before placing them in the kiln a fine clay

reduced by water to the consistency of cream, and passing through the

kiln, while burning, the fumes of common salt. The glazing consists of

a silicate of sodium, formed by the chemical union of the soda fumes from

the salt with the silicic acid of the clay, which can only be effected at a

red heat.

A single deposit of bog ore was noted in Hancock county. It occurs

on the land of Mr. Charles Van Horn, Jr., N. W. J section 7, in the town-

ship of Amanda. It has been cut by a ditch ten inches' below a peat of

about ten inches. It covers ten acres, more or less. An impure bog ore,

or ah iron ochre, may be often met with along the north slope of the

ridges which cross the northern portion of the county, and in some

places a bog ore of average quality could probably be taken out. These

ochres could be made useful in the manufacture of an umber-colored

mineral paint.

Wells and Springs.—Wells on the gravel ridges reach water from eight

to twenty feet below the surface. In the Drift immediately adjoining

the ridges they pass through hard-pan a depth of forty to eighty feet

before obtaining water. Sometimes a shallow artesian well is "met with

along the north slope of the ridges, depending for a supply on the reser-

voir of.water in the gravel of the ridge, and confined by the overlapping

of the 'hard pan upon the gravel of the ridge. When the well descends

to the rock the water is apt to show mineral impurities, as at Pindlay,

where nearly every well is affected with a sulphurous taste. Many of

these, however, are drilled from ten to fifty feet into the Niagara lime-

stone, underlying. At the same place an inflammable gas which escapes
,

from such wells is utilized for purposes of illumination. The residence

of Dr. Jacob Carr is thus lighted.

The following extract ft om a letter from Dr. Carr, dated February 4,

1872, covers the various points of interest connected with his well:

« * » • « j have lighted my house during the last nine or ten years from- an

adjoining well, which at first was dug to the rock, seven feet from the surface of the

ground, for the purpose of procuring water for house use. The gas comes through

crevices in the rock, and spoils the water for kitchen use. Three such wells are on
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my lot, which is fifty by two hundred feet. I have never been able to go down to the

rock without encountering this gas, and have filled up a number of wells. The dis-

tance to the rock two hundred feet south is fourteen feet; one hundred feet north,

twelve feet ; thence to the river, one-fourth mile north, the average depth to the rock

is fourteen feet, but it is very undulating. South one-half mile limestone crops out

through the surface, rising about twenty feet above the level of my lot. In 1865 a

company leased the privilege of drilling on my lot. They drilled one hundred and

thirty-five feet in limestone, when the augur got fast, and they gave up the enterprise.

I now use gas from that well, the supply being more abundant than from those where

no drilling was done. In drilling this well, at a depth of seventy-one feet from the

surface of the rock the drill dropped six inches through a vein of water that kept the

hole clear from -drillings for three days after, so that the sand-pump could not be

sunk down without weights, and it brought up no chippings and sand during the

three days after this vein of water was struck, the well being one hundred and thirty-

five feet from the surface of the rock.

" Gas has been struck in small quantities in various parts of the town, but unless

they strike crevices there is not a sufficient supply to light a dwelling-house.

" The surface of the rock in other parts than where I live is more solid. On my
lot it seems to be turned up edgewise, its surface being covered with a mixture of

pebbles, sand, bowlders, and blue clay. Whenever you dig through this mixture gas

is invariably found. There seems to be a prominence in the rock, and a cracking and
breaking up of the mass, so that the gas is concentrated on my lot in much greater

quantities than in any other part of the town as yet developed. One hundred and

twenty-five feet east of my well another was dug eleven feet deep, from which, in ex-

treme dry weather only, gas issues : in wet weather it is entirely cut off. The wells

on my lot are the only ones not intermittent in their action. In digging the sewers

through the main street, they being an average of eight feet from the surface, a vein

of sulphureted hydrogen gas was developed which has an extremely offensive smell,

like rotten eggs, and which becomes oppressive when a wind from the north blowing

up the mouths of the -sewers, which are almost always exposed, forces the gas "into

the streets, near the sidewalks, through the catch-basins. The wells that give sul-

phureted water are all from the rock. There was a well dug thirteen feet deep to the

rock, striking a crevice from which issues an ii exhaustible supply of highly impreg-

nated sulphur water. It is on the west side of Main street, three hundred feet north

and one hundred and sixty feet west of my well. A very small quantity, say a

drachm, of sugar of lead in a bucketful of this water colors it an intense black.

There is only one other well drilled in the rock. It is four hundred' feet north and a

thousand east of my well. It is forty feet in the rock : no gas or sulphur. There is

a well dug on the fair ground, forty feet in the rock, one-half mile south and west of

my well : no gas or sulphur.
" " The gas which I use was analyzed in 1865 by Prof. Chilton, of New York City,

and pronounced by him to be light carbureted hydrogen, and to come from petro-

leum. It smells like benzole or gasoline. It makes a very bright light. Near the
burner, in the flame, are small explosions or scintillations, which, I suppose, are the

particles of carbon. burning."



CHAPTER XLIII.

EEPORT ON THE GEOLOGY OP WOOD COUNTY.

BY N. H. WINOHELL.

SITUATION AND ARE._

Wood county is situated just south of the west end of Lake Erie, its

area reaching within five miles of the lake shore. The Maumee River

separates it from Lucas county. It is bounded north by Lucas county,

east by Ottowa, Sandusky, and Seneca, south by Hancock, and west by

Henry and. Lucas. With the exception of the north-western corner,

which is cut off by the Maumee River, its form is that of a rectangular

parallelogram, with an area of about seventeen towns, or six hundred

and twelve square miles. •

* NATURAL DRAINAGE.

The Maumee River, which forms its north-western boundary, has but

little effect on the drainage of the county. Beaver Creek, which enters

it within the limits of the countv, receives its waters from Putnam and

Henry counties. With this exception, the Maumee* receives no mention-

able tributaries from Wood county. The Portage, with its tributaries

from the south, forms the principal drainage system of the county. It

has its source in springs from the Leipsic Ridge, in Putnam county. Its

tributaries from the south also take their rise in other counties, and bear

a similar relation to the Belmore and Leipsic ridges. The northern and

central portions of the county, between the Portage and the Maumee, are

poorly drained. In . this area are several . extensive tracts known as

prairies, which, before artificial drainage was resorted to, were covered

most of the year with standing water, and are clothed only with a growth

of grasses and sedges. This area occupies the most elevated parts of the

county. It is in the form of a plateau, or table-land, which extends

nearly across the county from Farnham's Station, in the south-western

corner, to the Maumee and Western Reserve Road, in the north-east.

The northern portion of this plateau is drained north-eastward through
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Crane Creek and its branches and the Toussaint Creek, and the southern

supplies some of the sources of the Portage. While this plateau has a

general slope toward the north-east, there are occasional slopes in other

and almost opposite directions, and in all parts it blends with the sur-

rounding country by almost imperceptible descents. Its eastern border,

however, descends uniformly, and somewhat abruptly, into the valley of

the Portage in a south-easterly direction. This is noticeable in travel-

ing from Portage village to Bowling Green, the latter place being per-

haps fifty feet above the former, yet in a direction due north. The val-

ley of the Portage has a very slow descent, and when the waters are

swollen they inundate considerable land adjoining.- This renders the

streams generally of little use for water-power. Some of the best water-

powers in the county are furnished by the smaller streams in the south-

ern part of the county, where the fall is greater than in the main valley.

At Grand Eapids the water-power afforded by the Maumee has been im-

proved by the State, although the dam was originally constructed for

deepening the water of the Maumee for the use of the Wabash and Erie

Canal. The Maumee is navigable to Perrysburg, between which place

and Toledo steamers make regular trips. Above Perrysburg it soon

becomes rapid, flowing immediately on the Waterlime formation.

SURFACE FEATUBES AND SOIL.

In general, the whole county may properly be designated flat, and the

soil a heavy clay. To this general statement must be made the usual ex-

ceptions of the sandy alluvium along the water-courses, which, in Wood
county, is unusually abundant ; the black, prairie-like soil of those parts

of the plateau already described, which are destitute of trees, and require

artificial drainage to become arable, consisting of a large' proportion of

vegetable matter, and the sandy deposits which are scattered abundantly

over the whole country. These last are not infrequently spread 'over ex-

tensive areas of several thousand acres. They are, also, in the form of

" sand ridges," which intersect the county in different directions, and of

isolated knolls. With the exception of those broad undulations caused

by the underlying rock—which, however, in Wood county are not suffi-

ciently manifest to change the character of the surface from that of a
broad plain—and these sandy knolls and ridges, the county presents no
diversity of surface ; and were it not for the dense forest with which the

most of it is still coven d, it would be comparable to the vast prairies of

the states further west. Indeed, it seems to differ from them in no re-

spect except "in the presence of an abundant forest.

The river valleys are excavated in the Drift, although the Maumee
24 '
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River has made occasional sections of the rock where local circumstances

are favorable for rapid erosion. Its Drift banks are sometimes a mile

separated, and bound it on either side with a height which sometimes

reaches fifty or sixty feet. No succession of terraces, rising one above the

other, is visible. There is sometimes an irregular descent from the gen-

eral surface to the flood-plain, or even to the water-level; but these

changes of descent are not constant, and are referable only to irregulari-

ties in the rate of erosion, or changes in the current from one side of the

valley to the other. They are generally altogether wanting, the Drift

banks descending suddenly to the flood-plain.

GEOLOGICAL STRUCTURE.

The rocks which underlie Wood county belong to the Devonian and

Upper Silurian ages, and are named, in descending order

:

}

}

Upper Corniferous limestone,

Lower Corniferous limestone,
J- Devonian.

Oriskany sandstone,

Waterlime (Low. Held.),

Salina shale, \ Upper Silurian.

Niagara limestone,

The Niagara limestone occupies two areas of superficial-outcrop, separated

by a belt of overlying Waterlime. The first is of an irregular shape, in

the south-east corner of the county, and belongs to the great anticlinal

area which runs southward from Lake Erie to Marion county. Its line
v

of separation from the Waterlime area lying to the west enters the

county in section 1, Freedom township, south of the Portage River ; runs

south in the most eastern tier of sections in that township to the town

line, where it takes a south-westerly course to a point a mile west of

Freeport, where it changes to south-easterly, leaving Montgomery town-

ship in -section 34. If. then curves southward and westward, leaving

Perry township, in section 30, in a north-westerly direction, which it

holds as far north as section 33, Portage township. It then sweeps west-

ward and southward again, leaving the county S. W. \ section 34, Henry

township. The second area of Niagara is in the center of the county,

and underlies and probably gave origin to the fiat plateau on which the

:

prairies are mostly situated. The south-western line of boundary of this

area is not certainly known, owing to the prevalence of forest and of wet

dand in that part of the county. There are some reasons for believing it

to run as far south as Jackson township, but it is not known further

south than the north-eastern portion,of Liberty township. Beginning at

•Portage village, where it lies between the river and the village, it runs
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north-easterly to Scotch. Ridge village,, probably without receding more
than a quarter of a mile from the bank of the river. It continues in

about the same direction to section 23, Troy township, where it forms an
acute angle, and returns nearly due west to section 22, in Webster town-

ship, 'where it is diverted a little, more southward to a point about two
miles east of Tontogany. It here turns still more south to section 8,

Liberty township, where it forms another acute angle, and runs to Port-

age village.

The most northern exposure of the first-described area of Niagara is on
the county line, section 1, Freedom township. It is known as "Caler's

Ridge," and has the characters of the Guelph. It is a buff, vesicular stone,

in beds usually of four to eight inches, or rougher and more massive in

beds of a foot thick, nearly destitute of fossils, weathering a light buff,

and crumbling sometimes like chalk. It holds a deposit of lake sand.

The next point south within the county is in the southern part of sec-

tion 1, Montgomery township, where the ridge it forms is also capped

with sand. This sandy tract runs south-west, in the form of a soft, beach-

like ridge, on which a road is located, into section 29. It is probably on
the line of outcrop of Niagara. In the south-eastern part of the township

of Montgomery there is considerable wet and prairie land which is closely

underlain by the Niagara. The rock may be seen in frequent outcrops

in sections 25, 26, 35, and 36. This stony region extends also into San-

dusky county, and.is locally known as Stony Barter. In some places the

Drift has been so washed away, leaving the bowlders, that piles of stones

in the fields from which they have been gathered have the frequency and
very much the appearance of hay-cocks in a harvest-field. The fence

corners are also filled with them. About two-thirds of these loose pieces

are fragments of Niagara, probably from the underlying rock not far

away. The remainder are bowlders of northern origin. They are all

rounded and water-worn. In Perry township the Niagara forms a ridge

on the land of John Norris and of Justus Stearns, in S. W. J section 14.

It.may also be seen in sections 25 and 24. On Judge Ash's land it is

opened for macadamizing roads, and, shows the features and fossils of the

G-uelph phase.

In Bloom township there are several hundreds of acres of land in which
the Niagara is either quite bare or the soil is so thin that no attempt is

made to plow it. Mr. John Prank owns such a stony tract in S. E. J sec-

tion 31. East and north from this place, along 'the north side of the

Belmore Ridge, the Niagara may frequently be seen. Large fragments

are gathered from the fields, and\piled, with northern bowlders, in the

streets. Different individuals burn lime from these loose pieces. On
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the N. W. J section 19, at the "Rocky Ford," the Niagara appears in the

Middle Branch of the Portage. It is of a dark drab or dirty gray -color,

in thick, crystalline beds, showing a roughened, water-worn surface. It

is pitted with innumerable dish-shaped depressions, or " thimble-holes,"

apparently excavated by sand agitated by water. Bare surface rock is

exposed on N. W. J section 16, land of David Wyrick, Thomas McCuen,

and of Solomon Smith ; also N. W. \ section 7, in the form of a ridge,

and in the creek, land of Joshua 'Yeaman ; also S. W. J section 23, land

of George and Samuel Schlotterbeck, of Peter Zigler, and David Hays.

This rocky patch extends westward three or four miles, visible especially

along the north side of the ridge. On the N..W. £ section 5 is a Niagara

ridge, partly owned by George Gorton and John Low. On the southern

part of the same section it is exposed on the landof Mr. Stackhouse and

of Reason Whittaker. Near Bloom Center, on sections 15 and 22, it out-

crops on land of Rheinhardt and Alfred Simons, of Marvel Dennison,

and of James Prey. It also is exposed on land of Robert McKay, S. W.

J section 7. It also occurs bare over several acres in section 6. At

Shiloh village (section 4) there is a considerable deposit of sand, evenly

spread over many acres.

The exposures of the second area of Niagara, which occupies the plateau

in the center of the county, are of a similar character to those already

enumerated of the area in the south-eastern part of the county, but are

generally less denuded of the Drift, and more extensively covered or ac-

companied by lake sand.

In Liberty township it appears in outcrop in the vicinity of Portage,

and in N. E. J section 1, where it was encountered at a short depth below

the surface in ditching by the side of the road. It is here a firm, thick-

bedded, crystalline, gray rock, which can be obtained in large blocks.

Through sections 12, 11, 10, and 9 its strike is indicated by the rapidly

rising ascent from the valley of the Portage north-westward, although

there is no known outcrop of the rock. This elevation is more or less

constantly surmounted by a sandy deposit, which also is said to extend

some miles further south into Milton township. It runs also, with in-

terruptions, along the left bank' of the Portage north-westward to Scotch

Ridge, where there is one of the most remarkable deposits of beach sand.

In Plain township the Niagara is laid bare in S. E. \ section 25 by

ditching along the road ; dip, south-east. On sections 1 and 2, east of

Tontogany, are sudden ridges of Niagara limestone, that on the former

holding a deposit of sand. That on section 2 is on the farm of Jerome

and Silas Thomas; that on section 1 is opened and burned for lime by

. Clarendon Nye, the product being about three thousand bushels per year.
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In the township of Middleton there is a low ridge of Niagara on sec-

tion 82. Its northern end is on Mr. John Davis's land, and holds no

sand; its southern is on the land of Mr. 0. B. Brown. South of Mr.

Brown's farm, in section 5, there are several acres covered with about

two feet of sand. A few stone have been obtained also in the S.,W. £
section 24.

In Webster township the Niagara limestone is laid bare on N. E. £ sec-

tion 12, land of Robert Stewart. On Mr. Stewart's farm there is a re-

markable knoll of lake sand, which rises suddenly from a generally flat

country to the height of about thirty feet, sinking away again toward

the north-east within a quarter of a mile. Toward the south-west more

or less sand is met with for several miles, but spread evenly over a flat

surface, the knoll itself falling away almost as quickly in that direction

as toward the north-east. This area of exposed Niagara extends across

the McCutchenville pike into section 7. Water-worn fragments on the

surface contain species of Pentamerus and Atrypa, and broken stems and

calyces of crinoids^ A mile and a half further north-east, on sections 31

and 32, the surface is closely underlain by the Niagara. It shows occa-

sionally above the surface, but not in bluffs or sudden ridges. The land

is generally tillable, and only poor by reason of numerous bowlders and

limestone fragments. Some portions of the farm of Orrin Burgess are

remarkably stony. .

In Troy township there is considerable surface exposure of the Niagara

in sections 27, 28, 33 and' 34, making very rough and stony ground.

In Center township Sylvester Abbot's farm of two hundred acres, in

S. W. £ section 32, is closely underlain by the Niagara. In' some places

plowing is prevented by the underlying rock. Much of the surface is

sandy. In the same section this description may be applied to portions

of the farms of Henry Sundy and George Klophenstein. On the S. W.
\ section 2y Peter Van Ett burns lime from the Niagara. This kiln has

been in operation more than fifteen years, more than half that time on

surface fragments. The quarry now opened supplies stone for this kiln

and for foundations. It is light buff and vesicular, with some purplish

spots. The surface is bestrewn with bowlders" of northern origin. On
the S. E. J section 30 Peter Klophenstein also burns lime from surface

fragments. His quarry supplies stone for walls and bridge abutments.

Bowlders are very common here also. The Niagara is also exposed in

the street just south of Bowling Green. This village is situated on a

rolling and bluffy patch of sand, which is spread over many acres ad-

joining, the soil being so sandy as to*be injured for farming. The sand

is soft, and impedes the traveler. Wells are said to strike the rock in a
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few feet. At a point one mile east the well of Mr. Lawrence Sader, sit-

uated at his brick and tile establishment, met the Niagara after passing

through fourteen feet of brown and blue clay.

In Portage township the Niagara may be seen in section 6, on Mr.

Fu'et's land, and at Portage, N. W. \ section 7. At the latter place it is

slightly quarried near the public school-house. A well dug at Portage,

on Mr. Louis Dinest's land; happened to strike a crevice in the rock two

feet in width. The overlying Drift was eighteen inches: This crevice,

upon removing the Drift, furnished water at the depth of six and a half-

feet from the surface.

The Salina.—On the eastern slope of the Niagara anticlinal, in Ottawa

and Sandusky counties, the Salina is met with, but in a very reduced

condition. It is represented by a green shale, which is not more than a

foot in thickness, and is altogether wanting south of Sandusky county.

In the north-eastern part of Ottawa county it has a thickness of at least

thirty feet, and contains the white gypsum exported from Sandusky. In

Wood county the junction of the Niagara and Waterlime has not been

observed, and nothing is known concerning the existence of the Salina

west of the Niagara anticlinal.

The Waterlime in Wood county has the three lithological phases de-

scribed in giving the geology of Ottawa county.

1st. It is a coarse, brecciated limestone, without, distinct bedding or

stratification; often massive ; sometimes vesiculated, even cavernous ; of

a dull gray or drab-gray color, and almost destitute of fossils. In this

condition of the Waterlime there are small, irregular patches of fine,

hard, and close-grained rock, with thin laminations of alternating light

and dark drab, running in wavy lines sometimes quite perpendicularly,

but often at angles constantly changing. Such rock is heterogeneously

mingled with, loose-grained, vesicular rock, of a lighter color, which, by

crumbling under the influence of the weather, gives the whole mass a

cavernous appearance.

2d. It is a coarse but even-grained, thick-bedded, and magnesian lime-

stone, of a dirty buff color, soft and easily wrought ; a very useful stone

for building where it can-be found in sufficient quantities.

3d. It appears very frequently as a thin-bedded, drab, close-grained

limestone, the layers of which are uniformly separated by bituminous

films. This character of the Waterlime is subject to sudden and inex-"

plicable changes of dip. The beds, which are usually about three inches

thick, are sometimes not more than half an inch. It most frequently

shows the characteristic fossil Leperditia alia, although it has also been

found in No. L No. 2 has as yet afforded no fossils, so far as known.
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Owing to the abundance of the Drift deposits and the monotony of topo-

graphical features in Wood county, there is no opportunity afforded for

ascertaining the stratigraphical relations of these three phases, of the

Waterlime
;
yet it is certain that phases Nos. 1 and 2 disappear from the

formation toward the south, and phase No. 3 is more largely developed,,

and seems to acquire more bituminous matter, becoming a thin-bedded

but tough slate. Its characteristic outcrop in Wyandot county has re-

ceived the name of the Tymochtee slate. Phase No. 1 is believed to occur

at different but not constant horizons in the formation, but seems to pre-

vail especially in the upper portions. Phase No. 2 has been seen in

Wood county only in such positions as would place it in the lowest por-

tion of the Waterlime.*

The Maumee River lies almost constantly on the Waterlime from the

west line of the county to Perrysburg. It traverses, however, in that

distance, the Oriskany sandstone-ttoeertirnes; Throughout this distance

the Waterlime shows the lithological characters of phases No. 1 and No. 3,

those of the latter being far more frequent than the former. No. 1 was

noticed especially at a point about half .a mile above Miltonville. At a

point a mile below Miltonville the^followihg section was taken:

Section of the Waterlime, eight bank of the Maumee, neab Miltonville,

Wood County, from above.

No. 1. Slaty beds, but so tortuous as not to separate ; almost ap-

pearing massive, with irregular cavities, which are
;

often lined with calcite crystals, and also sometimes

contain "tarry oil," or asphaltum; dark drab, or

almost black; hard , 10 ft.

" 2. Thin, but mostly even beds of two to four inches ; very

hard and close-grained ; sometimes tortuous S "

" 3. One bed; close-grained; crystalline and very hard; a
.

bluish-gray, variegated with drab and blue ; silicious,

appearing like flint 1 " 3 in.

" 4. An irregular exposure of beds like those of No. 1, which

also occupy the bed of the river, exposed 2 "

.Total exposure 16 " 3 "

The bituminous appearance of the rock for a mile both above and

below Miltonville is so conspicuous, in the form of gummy asphaltum

contained in the numerous cavities, and not infrequently staining and

making fetid the rock itself, as to induce considerable expense in drill-

ing for petroleum. One well, which descended about eight hundred feet,

* See, however, the section at'Bellevue, in Sandusky county, where the top of the

. Waterlime contains similar beds ; also quarry No; .3, at Tiffin, in Seneca county.

'
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obtained • a small flow of oil at about two hundred and seventy feet,

though not enough to pay for working. This was said to rise from a
" white, sandstone," the rock both above and below being a "brown lime-

stone," without showing much variation. About two miles above

Perrysburg' the layers are from two to eight inches in thickness, of an
even grain and drab color, and are quarried from the river, adjoining Mr.

Shawler's land. Mr. Michael Hayes owns a quarry a little below Mr.

Shawler's, in similar beds, and another about a mile above Perrysburg.

About a mile above Mr. Shawler's, Mr. Joseph Barnes has taken sjtone

from the bank of the Maumee for the construction of his residence. It

is a close-grained, blue-drab, crystalline stone, and in the structure

makes a very fine appearance. About three miles east of Perrysburg the

brecciated Waterlime appears at the surface over an area of several sec-

tions, causing a very rough and untillable tract, occupying several hun-

dred acres. Beginning at the N. W. J section 2, Perrysburg township, it

spreads irregularly over sections 2, 3, 10, 11, and 15, reaching as far south

as sections 21 and 22, where it was formerly burned into lime on the land

of Henry Spilker. Throughout this area it has been more or less worked

by different persons for quicklime, of Which it makes a superior quality.

At George McMulligan's quarry, on the Maumee and Western Reserve

Road (section 10), the beds are opened to the depth of about fourteen

feet. The brecciated structure occupies the uppermost two feet. Below

it about twelve feet of rather even-bedded, drab courses are seen, having

a thickness of two to six inches. These beds are the source of most of

the stone burned by Mr. McMulligan, who ships over ten thousand bar-

rels of lime per year. At this place bowlders are numerous.

In Lake township the Waterlime appears in S. W. \ section 33. A ridge

here crosses the road east and west. Matlock's mill, N. W. \ section 22,

stands on a low ridge. Another ridge occurs in S. E. \ section 28.

In Troy township the Waterlime was observed in the following places

:

Section 5. The Empire House, on the Maumee and Western Reserve

Road, stands on the summit of a prominent ridge of Waterlime. The stone

is rough, massive, and of a dark color. This ridge may be traced almost

without interruption north-east across the northern portion of section 4.

The road encounters the rock again on the N. W. \ section 10. Between

sections 8 and 9 the road passes over a low ridge of Waterlime. In this

township Mr. Briggs, of the Geological Survey of 1838, reports outcrops

of rock on sections 11, 12, 25, and 14, on the authority of the county sur-

veyor. They are believed -to be of the Waterlime, although they were

not seen in 1871. Oh Mr. Fred. Whitker's land, S. W. \ section 36, large

blocks of dark drab Waterlime are obtained from the surface of a low
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ridge. The internal structure shows a wavy and curling lamination, or

variegations of dark and light drab. The texture, however, is usually

not close. Such stone would be useful for ornamental work, owing to the

thickness &f the blocks, the ease of cutting, and the beauty of the sur-

face. It would also probably resist .sufficient pressure to warrant its use

in large structures, though it should be first carefully tested. There is

abundant exposure of this phase of the Waterlime in the bed of the

Portage, about a mile south of Mr. Whitker's.

In Freedom township the Portage and its branches often disclose the

Waterlime. In section 2 and N. W. J section 12 the thick, soft beds of

phase No. 2 are uncovered by the current of the river, showing remark-

able glacial grooves. The same or similar beds are occasionally met
with in ascending the Middle Branch of the Portage as far as New
Eochester, where they have been used in the abutments of the highway

bridge. These were quarried near the bridge, in blocks twelve to sixteen

inches thick, and are mingled in the bridge with stone belonging to

phase Np. 3. It is again quarried, S. E. J- section 30, on the land of Sid-

ney Calkins. It here affords large, even-grained blocks of eighteen to

twenty-four inches thick. In sections 16, 17, 19, and 20 are very exten-

sive deposits of lake sand, on ridges of Waterlime. These sometimes

show the brecciated condition, but are also sometimes even-bedded. Mr.

William Pish has a quarry in regularly laminated beds on section 20,

at the base of a bluff of brecciated jock. The rock, however, of these

ridges is usually hid by sand, which rises in some places to the height

of forty feet. At Pemberville (N. E. £ section 10) the bed of the river is

specially rocky. Not only are there detached masses of coarse, brecciated

Waterlime, some as large as five feet by six feet by eight feet, covered

with black lichen, lodged along the banks, but the bed of the river shows

the various lithological features and changes of dip through which the

rock is liable to pass in short intervals. A peculiarity of the Waterlime

to become suddenly concretionary or massive is strikingly illustrated

near Pemberville. In the midst of even and fine-grained beds are seen

a number of rough and massive patches which swell above the surround-

ing surface. They are sometimes but two or three feet across, and may
be ten or even thirty. The same peculiarity was observed in Ottawa

county, and is believed to illustrate the manner of occurrence of the

brecciated condition, or phase No. 1, of the Waterlime. There is a heavy

sand deposit on a Waterlime ridge, N. W. J section 33, land owned by

Thomas S. Carman, known generally as the "Clay Farm."

In Portage township the bed of the river, N. W. J section 7, exhibits

very much the same kind of exposure as at Pemberville, and the strati-
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graphical horizon must be nearly or quite the same. At this place it

can also be profitably worked for a building stone when the settlement

of the county shall have progressed so far as to demand a cut-stone of

such quality. At the present time it is used somewhat for foundations

;

but the abundance of stone generally throughout the county retards the

special development of superior qualities. The following section was

taken at this place, a portion of it being from the N. E. \ section 12,

Liberty township

:

Downward Section of the Watbklime at Postage, Wood County.

No. 1. Soft, drab, somewhat vesicular, weathering a buff color

;

beds, six to sixteen inches ; texture generally homoge-

neous, similar to the magnesian and harsh, thick beds

of the Lower Corniferous 2 ft. 4 in.

" 2 Harder, crystalline, with a darker color, showing some

bituminous films, which, on fracture, appear as black,

horizontal streaks. In this member there is a tendency

to an oolitic structure, seen sometimes in patches, or

in beds horizontally continuous, with a thickness of a

quarter of an inch to three inches ; beds three to eight

inches 2 "

Total exposed 4" 4 "

This section is displayed on the land of William Sargent. The dip is

toward the south and south-east. At the crossing of the road between

the two townships it is ten to fifteen degrees south-east. The land rises

toward the north and north west, caused by the appearance of the

Niagara. East of the bridge about forty rods, thin and slaty beds are

seen in the river, some of which are so bituminous as to burn like coal.

Twenty rods further down, on land of Mrs. J. L. Roland, the rock appears

hard, crystalline, dark drab, almost brecciated, yet in regular beds of

sixteen to twenty inches ; dip, south-west. This probably overlies the

layers of the foregoing section, since, the dip continuing the same, the

soft, magnesian, drab beds (No. 1 of the section) appear with a thickness

of fourteen to twenty inches, affording opportunities for a profitable

quarry.

Near Mill' Grove, in Perry township, the Waterlime in loose pieces

has been burned for quicklime on the farm of Winfield DeWitt. It also

appears in regular beds of two to four inches in the East Branch of the

Portage, at the village, and again in the McCutchenville road, N. E. \
section 9, in similar layers ; also further south, in the same section, in

thick beds. In the S. W. \ section 17, Mr. Daniel Pelton obtains good

flagging stone from the Waterlime, one to three inches in thickness. On
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the N. E. \ section 19, land of Henry Baker, it appears in thick beds of

an even texture, somewhat used formerly in Fostoria for building. This

may be the equivalent of the stone quarried at New Rochester and at

Pemberville, belonging to phase No. 2 of the Waterlime, as already de-

scribed, although the opportunities for examination were not sufficient

to determine certainly.

In Middleton township, N. E. \ fractional section 16, the " Belleville

Ridge" rises, including the sand with which it is surmounted, to a height

of about forty feet. The surface of the sand has a rolling outline, and a

thickness on the summit of at least six feet. The ridge is a mile long

north and south, and half a mile in width east and west. Round the

base, especially toward the south, there is considerable rocky surface, and

bowlders are very numerous. Loose* fragments are burned for lime by

Andrew Jennison.

In Liberty township the Waterlime appears in a low ridge, N. W. \
section 32, owned by Mr. John Edgar and Isaac Rusch. On S. W. J section

24 it lies in thick beds of eighteen to twenty-four inches; irregular, porous,

dark drab, opened in a ditch by the roadside. Thinner but more compact

and even beds have been cut in the same way in N. E. J section 25.

In Henry township it is exposed and slightly quarried in thin layers

on S. E. \ section 10. It closely underlies considerable land owned by

Jacob Nier, William Hammond, and Michael Anverter. The "Callahan

Ridge," S. W. J section 9, and the "Howard Ridge," S. W. J section 21,

are both of the Waterlime. It is rough and cavernous. The latter is

quarried by William Norris.

The Oriskany Sandstone.—At Grand Rapids, on the Maumee, near the

western border of the county, the base of the Lower Corniferous is ex-

posed. What can here be seen is a buff, arenaceous limestone, in thick

beds of six to thirty-six inches, having a thickness of ten to twelve feet.

This holds the place of the Oriskany sandstone in states further east, and

may be the equivalent of that formation. Yet the identification is not

free from doubt. The section here seen is as follows, from above :

No. 1. Sandstone, or arenaceous limestone, of a gray or lead color,

varying to cream color and white ; in.thick beds, with-

out visible fossils; texture uniform 10 to 12 ft.

" 2. Fossiliferous, porous, harsh, arenaceous limestone, of a

lead color, weathering buff 1
"

" 3. Waterlime ; hard and flinty ; beds thin and lenticular, or

massive, of a bluish-drab color ; exposed 5"

No. 1 is exposed furthest up the river, the dam being built on it. It is

said also to have produced rapids in the river some distance above the
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site of the dam, but it is now hid by deep water. At the dam, and in

the recent, excavation for the enlargement of the mill-race, half a mile

below, this stone is opened, and found to produce even-grained blocks

and pieces of irregular shape, but which with care could be obtained of

almost any desired dimensions. It is seen in the bed of the river for

the distance of half a mile below the dam. It is not easily separable

from No. 2, into which it graduates.

The fossils found in No. 2 are in a very fragmentary condition. There

are numerous pieces of crinoidal stems, and traces of a bivalve, appar-

ently a Spirifer. A fractured trilobite was also seen The workmen re-

port finding " turtles'-backs " as large as a man's hand, which may be

Macropetalichthys.

The junction of No. 2 with No. 3 iS jagged with lignilitic prominences,

or suture-shaped roughness. The lignilitic crystals are often two inches

long, and covered with black films, while in the depressions an arena-

ceous limestone is deposited. Sometimes in quarrying, these suture-

joints are so firm as to tear up the first layer of No. 3 rather than sepa-

rate.

No 3 swells gently upward, bringing itself into contact .with the cur-

rent of the river for a distance of half a mile below the "Purdy Mills."

It first shows a dip west, but changes to east, so as to permit, the return

of the sandstone (No. 1) at the mouth of the Beaver Creek, a mile below

the village of Grand Rapids.

About four miles still further down the river, opposite the village of

Otsego, the Oriskany is again intersected by the Maumee. It is seen

here in beds of eight to twenty-eight inches. The grains are fine and

white, although there are some places which show an apparent quartz-

itic structure, the silica grains being apparently crystallized into a solid

mass, losing their forms, while some of it is more properly an arenaceous,

magnesian lirnestone. Within, this stone is of a light-blue color, or

gray, with spots of blue. The blue sometimes prevails near the junction

of the beds; indeed, the bedding-planes are very often separated by a

very blue or purple lamination, which is also sandy. These laminations,

which are sometimes an inch thick, are so split not infrequently as to

include lenticular patches of lighter rock like the mass of the thicker

beds. The whole weathers a buff or almost white. The following sec-

tion was taken at this place, in descending order

:

No. 1. Limestone ; close-grained ; crystalline, light drab, or dark

drab, and porous; in one bed. The dark and porous

parts have the forms of inverted kettles, and sho\y traces

of fossils
'. 2 ft.
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No. 2. The same, except the dark and porous parts are less defi-

nite in form ; in one bed .'. 2 ft. 6 in.

" 3. Limestone ; irregular ; rather soft, drab, streaked with tor-

tuous bituminous films ; sometimes fine-grained and

hard ; when quarried, comes out in blocks a foot thick

;

beds eight to twelve inches 3"
" 4. Sandstone; banded with blue, gray, and black streaks,

owing to changes in sedimentation ; in three beds 1
"

" 5. Limestone; even; drab, with bands of light and dark;

beds four to six inches 2"
" 6. Irregular ; hard and close-grained ; crystalline ; of a light

drab, or yellowish-drab color; surface inverted kettle-

shaped 2 "

" 7. Irregular ; dark drab or brown ; slightly fossiliferous

;

arenaceous; vesicular 1 '•

" .8. Sandstone; in one bed; firm
;
grains white, rounded, and

distinct. This bed contains occasional small masses or

pebbles of silicious rock, much larger, than the ordinary

grains, due either to the chemical confluence of smaller

grains, or to the existence of pebbles of that size in the

materials which at first formed the rock. So far as ob-

served, they do not show the rounded condition seen in

the grains of the general mass 3 " 8 "

" 9. Sandstone; light blue or lead color; its fine grains de-

posited in irregular, lenticular beds, and separated by

divisional planes in all directions. This is below the

falls caused by the last (No. 8), and the water runs strag-

gling over it. Thickness unknown. Exposed 1"

Total exposed 18" 2 "

The principal bed of the ©riskany here is No. 8, which is so persistent

as to run continuously across the river bed, causing, in a low stage of

Water,. a marked change in the river landscape. The unequal erosion o'f

the current on the- materials composing this member of the section re-

veals the effect of currents of water operating in the act of deposition.

There are distinct lines of bedding, or oblique stratification, seen cross-

ing the main bed, the water having removed the softer parts, the whole
being rounded grains of sand. The following sketch will illustrate this

arrangement of the sand grains. It recalls very forcibly the oblique

stratification seen in the sand and gravel of the Drift of the present

day.
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Sedimentation of the Oriskany Sandstone.

The section exposed at the quarry of the Delphos Stone and Stave

Company, half a mile south of Charloe, in Paulding county, is as follows,

in descending order. It covers the lower part of the Oriskany phase,

embracing also the top of the Waterlime

:

No. 1. Sandstone, having the appearance of that at Grand Ilap-

ids, in Wood county ; hard ; suture-jointed upon No. 2

;

sawn off for nagging ; seen only 6 in.

" 2. Even-grained, magnesian limestone of a buff color ; con-

taining nodules of chert; sawn into handsome building

blocks, and exported largely 4 ft.

" 3. Dark drab ; soft ; magnesian, with some cavities, which

contain orange-colored calcite 1" 10"
" 4. Rough ; blue drab ; close-grained, heavy, and hard, or

brecciated and vesicular ; with some pyrites ; in one bed

ofatleast
'. 3" 6"

9 " 10 "

No. 1 of this section is the base of the Oriskany ; No. 2 is a stone seen

at i other places embraced within the Lower Corniferous ; Nos. 3 and 4

are the uppermost members of the Waterlime.

On the eastern slope of the Niagara, at Bellevue, in Sandusky county,

the sandy beds supposed to represent the Oriskany of New York are em-

braced within the Waterlime, about six feet of that formation overlying
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them. At Grand Rapids, in Wood county, only a foot of a fossiliferous

limestone, referable to the Lower Corniferous, intervenes between the

Oriskany and the Waterlime; while at Charloe, in Paulding county,

that intervening bed has increased to four feet, showing a vertical

change of ten feet in passing westward a distance of about eighty-five

miles.

The Lower Corniferous underlies the western portions of Weston and

Milton townships. The only outcrop which is known to occur south of

Grand Rapids is at the quarry of Mr. Luther Pue, S. W. \ section 6,

Milton township. The following section was here taken, and is believed

to show the junction between the Upper and Lower Corniferous

:

No. 1. Very fossiliferous beds of one to two inches ; shattered and water-

washed ; very slight exposure. This is thrown out in quar-

rying. An Orthis can here be distinguished, two or three

corals, and a Brachiopod, like a long-beaked, small Pentanierus,

with fragments of numerous other fossils 1 ft.

" 2. Harsh, magnesian limestone, without fossils ; apparently in thick

beds, having much the outward aspect of a sandstone ; some •

flags of two inches thick have been taken out; exposed 3
"

A

Total exposed 4."

The Drift in Wood county shows the usual characters of a glacial

hard pan. The upper six or eight feet are of a light brown color. The

remainder is known as "blue clay." The whole contains, disseminated

through the mass irregularly, more or less sand, pebble-stones, and bowl-

ders. The average thickness of the whole would be not far from seventy-

five feet. It shows locally, but very rarely, an indistinct assortment,

or at least an arrangement of its materials in tortuous bands, as if the

mass itself had been compressed or folded', or had been denuded and

again covered with the same materials. There is also more or less super-

ficial lamination of the upper part seen in the banks of the Maumee

near its mouth. These strata, which contain, so far as seen, nothing

coarser than fine sand, and usually consist largely of clay,- seem to be

confined to the larger water-courses. They are by no means constant.

On the contrary
J
the banks even of the Maumee generally contain nothing

but the typical hard-pan, or glacial clay, which rises to the surface and

forms the soil. These laminations below pass into coarser materials,

containing, with a gradual loss of their distinct arrangement into layers,

gravel and bowlders. The beds, although not infrequently oblique and

wavy, are usually nearly horizontal. They become more oblique near

their junction with the unstratified Drift, into which they merge and

become lost. They are believed to be due to the action of water from
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the glacier on the unmodified Drift along its foot when in the act of

retiring. They, however, may be attributed to the action of the water

of the Maumee, instead, upon the glacial Drift at the time of its deposi-

tion by the glacier. Its action, however, would be more likely to be

seen throughout the whole thickness of the Drift, and would not be over-

lapped by the hard-pan deposits as these laminations are seen to be near

theirJunction with the glacial clay.

The surface of the Drift in various parts of the county has suffered

considerable denudation since the retirement of the glacier. The waters

of Lake Erie formerly covered the whole county, rising about 180 feet

above their present level. Their prevalence at that height is indicated

by the following phenomena

:

1st. The rock is laid bare in a great many places, and is wrought

into fantastic shapes, similar to the surface of rock now undergoing the

constant beating of the waves. Such water-worn rock is seen nowhere

in north-western Ohio except along the present lake shore, and at vari-

ous heights above it up to about 180 feet.

2d. In the vicinity of these rocky outcrops, known as "limestone

ridges " in the Black Swamp, there are great numbers of bowlders, of all

sizes, and usually of metamorphic rocks. They are thought to be the

remains of the hard-pan which at first covered uniformly the underly-

ing rock, the clay and sand having been washed out by the waves. They

usually lie immediately on the bare rock, and are most abundant round

the bases of the ridges. They are water-worn and rounded.

3d. Deposits of fine sand, similar to the subaqueous bars and

beaches now forming about the shores of Lake Erie, are scattered over

the whole county, and seem to occupy all heights up to about 180 feet

above the Lake. They are seen on the elevated portions, that is, on

those portions which rise somewhat suddenly above the surrounding

level. Thus they follow, and almost mark out, the eastern border of

the Niagara area in the center of the county. These sandy deposits are

not only in . the form of isolated knolls, having nuclei of the persistent

breccia of the Waterlime formation, but are sometimes so continuous

and regular as to. have the name of ridges. Such ridges are met with

in all parts of the county, running in all directions ; and sometimes

roads have been located on them. .The continuous ridge which passes

through the townships of Bloom and Perry, in the south-eastern part of

the county, is not one of lacustrine origin, but is believed to be of the

same nature as those long gravel ridges seen at higher altitudes in

north-western Ohio having the nature of terminal glacial moraines.

Yet it must have been submerged by the waters of the Lake in some
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parts of its course, as in Wood county, and its original height and pecu-

liar character greatly modified, or perhaps destroyed, by the action of the

lake waters. It is noticeable in the cases of isolated knolls, that the

sand prevails most on the southerly or south-westerly side of the lime-

stone ridge, as if the resultant action of the waters was in that direction.

The limestone uniformly has most exposure on the north or north-

eastern sides.

At a point two miles below Otsego the right bank of the Maumee is

fifty feet above the summer stage of the river, consisting entirely of hard-

pan. No stratification can be seen. The materials are perhaps a little

finer and more sandy at the bottom. At another point, about a mile

below Perrysburg, the same bank is forty-eight feet. Its contents, ex-

posed by the entrance of a ravine, are seen to consist of hard-pan from

the top to the bottom. Near the base of the exposure the materials are

finer, but contain occasional stones. The whole acts under the hammer,
especially in a moist state, like putty. Mr. Briggs, of the Survey of

1838, reports a laminated condition of the upper portion of the Drift ex-

posed along the excavation for the canal near Perrysburg, on the left

bank of the Maumee. The layers were of fine sand and clay, alternating

in thin, nearly or quite horizontal, laminations, like those already de-

scribed at Toledo.

The material resources of the county consist first in the soil,-which is

destined to make Wood county one of the first in agricultural wealth

and importance in the north-western part of the State. Its favorable

location for reaching market at Toledo, and for obtaining an outlet for

its products by lake transportation east, will make it a favorite resort

for enterprising farmers, while its nearness to the Lake will enable them
to command the best prices for their farm products. The full develop-

ment of these resources can only be brought about by carrying to com-

pletion the plan of artificial drainage that has been wisely adopted, and

by the construction of railroads to facilitate communication and trans-

portation. At the present time the public roads are not in good condi-

tion, and there is a lack of railroads. While gravel is not common in

the county for roads, there is abundance of stone, which can easily be

rendered of great service in macadamizing the public roads.

Next to the wealth which lies buried in an undeveloped and undrained

soil, may perhaps be mentioned the heavy forest with which the largest

portion of the county is yet covered. Various species of oak, hickory,,

maple, ash, elm, with some cottonwood, sycamore, black walnut, chest-

nut, and beech, make up the principal forest trees. The chestnut was<

seen only at one point. Large fruiting trees of that: kind occur near-
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Freeport, in Montgomery township (sections 15 and 11), growing in a

sandy soil.

The county is well supplied with stone of good quality for building

; and for lime. One of the most valuable varieties of stone for building

purposes seen in the county is the thick but soft drab beds of the Water-
ilime, constituting what has been described as phase No. 2 of that forma-

ition. Opportunities for working it are afforded at a number of places,

-whichhave been enumerated in the description of that formation. When
'the facilities for transportation are improved, and the exigencies of de-

velopment demand a useful or ornamental cut-stone, this part of the Wa-
terlime in Wood county will prove of great value. The Oriskany sand-

stone quarried at Grand Eapids is exported largely to neighboring coun-

ties. It is extensively if not exclusively used in the locks and aqueducts

<£ the Wabash and Erie Canal as far south as the city of Defiance. Blocks

of almost any required size can be obtained, which may be wrought into

ornamental forms. It answers for all purposes, except for flagging stone,

as well as the Waverly sandstone. The Niagara is not very much quar-

ried at any point within the county. Wherever it is used it is for lime-

burning. It seems not to afford a building stone of superior quality,

although it supplies the local demand in many places for foundations

and common walls.

The clays of Wood county are well suited for the manufacture of brick.

The surface of the Drift is usually so free from limestone fragments, ex-

cept in the vicinity of the " limestone ridges," that it can be profitably

employed for this purpose. The location of brick-yards on the river

bottoms will generally prove less successful than those on the surface of

the Drift. The ice which lodges on the flood-plains in spring-time holds

numerous fragments brought down from the rapids caused by the Water-

lime formation. These are dropped upon the flood-plain, and when the

brick burned from the materials of the river bottoms are exposed to the

weather, the lime slacks, so as to destroy them for use in buildings. The
greatest difficulty met with in the use of the surface Drift at points

removed from the river valleys will be the lack of sand. This can be

supplied, however, from the sand ridges and knolls so common in the

county.







CHAPTER XLIV.

REPORT ON THE GEOLOGY OF PUTNAM COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

Putnam county is bounded north by Defiance and .Henry, east by

Hancock, south by Allen, and west by Van Wert and Paulding. Ottawa,

its county seat, is forty-eight miles south of the Michigan State boundary

line and thirty-nine miles east of the Indiana State boundary line. It

contains nine square miles more than thirteen towns.

NATURAL DRAINAGE.

The principal river valley is that of the Blanchard, which crosses the

county midway in a direction a little north of west, receiving tributaries

only from the south, the direction of all of which is nearly due north.

These streams, which afford frequent exposures of the rock over which

they pass, are Reilly Creek, Cranberry Creek, Plum Creek, Sugar Creek,

Which unites with Hog Creek in Union township ; the Auglaize, which

receives Hog Creek in Jackson township, and the Little Auglaize. In

the northern portion of the county are the sources of the Portage, which,

intersecting Henry, "Wood, Sandusky, and Ottawa counties, enters Lake
Erie at Port Clinton, having a course nearly north-east ; of the Beaver

Creek, which joins the Maumee in Wood county, and of South Turkey
Foot and Powell's Creeks. Thus it appears the general slope of the

county is toward the north, the Blanchard only having a westerly direc-

tion. With the exception of the Blanchard, the Auglaize, Hog Creek,

and the Little Auglaize, the streams of the county are not reliable for

water-power through the summer season. These have been extensively

improved for flour-mills and saw-mills.

•
SURFACE FEATURES AND SOIL.

The surface of Putnam county is flat, the only diversity being in the

sand and gravel ridges which cross it, and the sandy, undulating iract
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underlain by the Corniferous limestone in the township of Monroe.
South of the Van Wert Ridge, in Eeilly and Pleasant townships, the sur-

face is also more gravelly and broken. These ridges consist of strips of

rolling land, in which gravel and sand in oblique stratification may be
found a few feet below the surface. They prevail in the north-eastern

part of the county, crossing it obliquely from north-west to south-east.

They have been fully described in the chapter on the Drift in north-

western Ohio. With the exception of the Medary Swamp and another

small area in Palmer township, the whole county was originally covered

with forest. The soil is that peculiar to the Black Swamp, and consists

largely of a close, tough clay, with but little intermixture of vegetable

matter. It is remarkably free from bowlders and stones, not one being

seen sometimes in a day's travel. In the vicinity of the ridges and
knolls in the nprthern part of the county it is often gravelly or sandy,

and hence much more easily drained. In general, the whole county will

require thorough artificial drainage.

6E0L0QICAL STRUCTURE.

• The only rock seen in outcrop within the county is the Waterlime
;

yet it is believed that the lower part of the Corniferous, including the

Oriskany sandstone, underlies the most of the township of Monroe.

The most important exposures of the Waterlime are either in the bed

of the Blanchard, or in the streams tributary to it from the south. It

here shows itself at numerous points, and is wrought for general build-

ing purposes and for quicklime. The thick-bedded, soft, drab stone

which occurs in Wood county, and which will prove valuable for a cut-

stone, has not been observed within the county; neither has that char-

acter described as phase No. 1. Phase No. 3, however, is commonly seen

in Putnam county. Besides this condition of the Waterlime (see Geology

of Wood County), there are occasionally seen thick, hard beds of fine-

grained rock, with cavities, and bands of softer or vesicular rock dissem-

inated through the mass. Such rock was seen at Croninger's mill, near

Pindlay, in Hancock county (S. E. J section 8, Liberty township), and

is regarded as the equivalent of the breccia of phase No. 1, reduced in its

dimensions and modified by the weakening of that force, whatever it be,

which occasioned the brecciated masses developed conspicuously in the

islands at the west end of Lake Erie, and in the island of Mackinac, at

the head of Lake Huron. The gradual change southward in the litho-

logical characters of the Waterlime has been already noted. In Putnam
county its condition is usually an intermediate stage between that seen

in Ottawa and. Wood counties and that described under the Geology of
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Wyandot County, and styled the Tymochtee slate, although the characters of

the latter, especially its thin beds, are not entirely wanting in Putnam
cotfnty. Some of the principal quarries within the county are in the

bed of Reilly Creek, among which the following may be mentioned

:

S. W. \ section 30, Blanchard township
;
quarry of James Wade.

N. W. £ section 6, Reilly township
;
quarry of P. N. Climer.

N. E. \ section 36, Ottawa township; quarry of Judge J. Y. Sackett,

affording some thick, even-bedded stone, the blocks of which are some-

times ten to sixteen inches and four feet long.

Section 6, Reilly township
;
quarry of William Blodgett.

N. E. \ section 7, Reilly township
;
quarry of Michael Bridenbauch.

This quarry affords stone resembling that seen in the Scioto River a

couple of miles below Middletown, in Marion county, being blotched and

variously mottled with blue and drab, in beds ten to twelve inches thick.

Section 8, Reilly township ; land of George W. Alkire.

NV W. £ section 18, Reilly township
;
quarry on the land of M. S. Rice.

Good stone from the Waterlime is also obtained at Pendleton.

In the bed of Cranberry Creek are the following quarries

:

Section 23, Pleasant township ; the quarry of James McComb supplies

the village of Columbus Grove.

N. W. £ section 26, Pleasant township
;
quarry of Joseph McComb.

S. E. £ section 23, Pleasant township
;
quarry of J. Postleweight.

In the bed of Hog Creek the Waterlime is very often exposed, and is

usually slightly worked fpr common stone for foundations. On the

N. W. \ section 16, township of Union, land of A. C. Syfert, it shows

very sudden and remarkable changes of dip. The beds are twelve to

sixteen inches in thickness, and have been apparently upheaved super-

ficially and fractured, the -opened crack being eighteen inches aeross,

running north and south. This opening of the rock is not confined to

those parts of the river valley which have been entirely denuded to the

rock, but one such upheaval was seen several rods from the immediate

channel. At this place the disturbance of the overlying Drift has ad-

mitted a small creek in time of freshet, .which so washed away the clay

as to reveal the condition of the beds. A singular phenomenon, prob-

ably ascribable to the same cause, was witnessed a few years ago on the

land of William Turner, S. E. J section 32, in Pleasant township. It is

generally known as "th,e earthquake" in the immediate neighborhood,

and is said to have occurred during a thunder storm. Across the bottom

land of Sugar Creek a singular and sudden upheaval of the surface took

place, creating a bank running in a north-west and south-east direction^

crossing the creek and entering or abutting on the Drift banks on either
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side (which have a height of about five feet) in such a maimer as to set

back the water of the creek. The surface rose three or four feet. On
excavating this bank for the purpose of releasing the water, nothing

was encountered but the ordinary alluvium. This account is given on

the authority of Judge Skinner, of Kalida. In Sugar Creek township

the Waterlime is quarried from the bed of Hog Creek, on section 17, land

of William Guffy and of Jacob Rhodes. Here it shows a dip north ; beds

two to four inches. On the same section, land of John W. Thomas and

E. C Ford, on opposite sides of the creek, it is also worked to a limited

extent. On section 8 it is in beds of four inches on the land of Joseph

Sheriek, and shows a veritable dip. On seetion 7 beds eighteen to

twenty-three inches thick are taken from the creek on the land of James

Rhodes. Jonathan Ford's quarry is adjoining. On the same section

heavy stone is also obtained by James Thomas and William Rhodes, on

opposite sides of the ereek, William Evans also has a quarry on sec-

tion 6, in the same township. It is also quarried by J. E. Dicus on the

N. E. i . section 1, Jackson township. On the N. E. ^ section 8, Union

township, the Waterlime is shown on the land of John Eyer, in the bed

of Hog Creek. It is here burned for lime by James Foley. The stone is

very bituminous, and almost black, with a strong fetid odor under the

hammer. The beds are three to four inches. A gummy, shining

asphaltum is found in the rock here, in small deposits, filling cavities,

and lying between the beds. It is jetty black, fractures like sealing-

wax, and is slightly brittle. It is not' known to be escaping from the

formation, but is met with in quarrying.

The Auglaize, in like manner, lies frequently on the Waterlime.

Below its union with the Blanehard the rock can be seen in N. W. J sec-

tion 7, Perry township, on land of Josiah R. Herritt. On the S. E. £ sec-

tion 21, in Perry township, it is worked for common foundation stone, in

the bed of the river, by John Myers; also, on the N. W. J section 27, by

Mrs. Samuel Myers. The beds are two to four inches in thiekness at the

latter place, or adherent so as to eome out in blocks of a foot or fourteen

inches, of a light drab color
;
gentle dip south. J. Hetrick has a quarry,

S. E. \ seetion 15, Jackson township, in the bed of the stream. At the

ford of the Auglaize, S. W. J section 27, Jaekson township, there is a fine

surfaee exposure of the Waterlime in beds of two to eight inches, some-

what quarried. At Fort Jennings the quarry of Louis Beehmer furnishes

stone ten to sixteen inches in thickness, extensively used in the sur-

rounding eountry for many miles. It is taken from the bed of the river.

It appears also in the Auglaize, on the land of Amos Boehmer, section 4
3

Jennings township.
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At Ottoville, in the Little Auglaize, S. E. £ section 24, Monterey town-

ship, the Waterlime presents a surface exposure.

In the Blanchard River the rock often shows in Blanchard township>

It was noted particularly at a point three miles west of Gilboa, on land

of Mr. George Harding ; also, S. E. J section 29, on Samuel Kline's land.

It also appears on sections 27 and 28, land of 0. W. Crawfis.

Occasionally, in the southern portion of the county, the Waterlime

rises in gentle undulations, which are observable through the Drift. In

such cases the rock is sometimes visible, and has been quarried. These

undulations are not conspicuous enough to be known as "limestone

ridges." Indeed, the rock is sometimes encountered in ditching in low,

flat ground, where no change in the general level is observable. The
rock is exposed in^this manner on the land of N. W. Ogan, section 35,

Pleasant township; also, S. W. J section 36, on the land of D. Strow, in

the same township ; also, in sections 8, 17, and 16, Sugar Creek township,

land, of Jacob Rhodes. >'

The Drift in Putnam county, as in Hancock, seems to be thicker north

of the Blanchard than south of it. The frequent exposure of the rock

along the streams flowing northward in the southern portion of the

county indicates that their channels are eroded as deeply in the Drift

deposit as the inequalities in the rocky surface will permit. The aver-

age height of their banks will not exceed twenty feet ; and twenty-five

feet will probably exceed rather than fall short of the average thickness

of the Drift. North of the Blanchard the average depth in the Drift of

thirty wells reported by the County Surveyor, L. E. Holtz, of Ottawa,

many of which did not strike the rock, is sixty-four feet. He gives but

two south of the Blanchard, both of which are twenty-two feet, one being

artesian. x

The materials of the Drift are rarely assorted or stratified, the great

mass of it being a typical glacial hard-pan. Bowlders of all sizes are

disseminated promiscuously through it. It is generally quite impervious

to water, and sometimes artesian wells rise from the bed of sand and

gravel which usually intervenes between it and the rock. Although

the mass is unassorted, the ridges and knolls which occur in the north-

eastern part of the county, as well as the Van Wert. Ridge, which crosses

the south-eastern corner, passing through Webster, Pendleton, Columbus

Grove, and Vaughansville, consist largely of assorted materials, usually

of gravel and sand, in oblique stratification. Bowlders are very rarely

seen in the county, except in the drainage valleys, where they have been

washed out of the Drift. On the S. E. J section 21, Jackson township, a

large Corniferous bowlder lies in the channel of the river, having a
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height exposed of fifteen feet. A bowlder of granular quartzite lies on
the land of William Evans, section 36, of the same township. It rises

over three feet, and measures twenty-eight feet in circumference at the

surface of the ground. On section 14, Monterey township, the land of

Sebastian Bendley is very stony with bowlders over an area of about five

acres, with few fragments of limestone. The surface rises about three

feet.

The hard-pan itself sometimes embraces lenticular beds of stratified

materials. The following were observed in the right bank of the

Blanchard at Ottawa

:

Sections of Upper Part of Drift at Ottawa, on the Right Bank of the
Blanchard.

J*
Ho. 1. Unassorted brown hard-pan : 6ft.
" 2. line, yellow sand ; stratified 4ft.to6ft.
'• 3. Blue hard-pan 4ft.to6ft.
" 4. Clean, blue sand ; stratified. Exposed 6ft.

2. Stratified yellow sand 1ft. to 6 ft.
" 3. Sine blue sand 6in.tol8in.
" '4. Iaolatod mass of blue hard-pan i ft.
" 5. Bluehardpan .• 4ft to 10ft.

These beds of assorted materials cannot be traced far. They soon give

place to the prevailing unassorted Drift, which may be seen near the

highway bridge, N. E. J section 28, Ottawa township. The river bank
here is twenty-four feet from^the surface downward, without showing any

assortment. The brown color occupies the upper ten feet, and forms an

ashen tfr light yellowish soil, with very little gravel. The right bank of

the Blanchard, S. E. J section 12, Greensburg township, exposes 29.8 feet

in time of low water. The Drift here shows occasional patches of rude

stratification, or a curly arrangement,, but no distinct assortment.

In Liberty township fossil remains of the mastodon were discovered in
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ditching for the drainage of the Medary Swamp. At one point, forty-

rods south-east of the center of section 6, large bones, supposed to have

belonged to that animal, were found in a sandy loam along the north

side of the Leipsic Ridge. A large oak tree is said to have stood over

the spot. • In section 8 the remains exhumed consisted of fragments of a

tusk about five inches in diameter, two teeth, and bones from the poste-

rior extremities. They had the appearance of having been broken be-

fore being deposited in their present positions. The large bone belong-

ing to the posterior extremities was removed twenty-three feet from the

fragments of the tusk, and near it were no other remains. On its under

side the natural surface had been fractured, and the cellular tissue ex-

posed in large spots. With the exception of the -teeth, nothing could be

preserved entire. The whole lay about three feet below the surface.

Throughout this swamp, so far as revealed by ditching, there is a deposit

of six inches of black muck, underlain by two feet of nearly black clay>

probably so stained by vegetable decomposition, and an unknown thick-

ness of hard-pan, filled with gravel, on the original surface of which are

occasional large bowlders. Large bones are also said to have been found

near the surface of the Drift on Samuel Purkey's land, section 7, town-

ship of Ottawa.

MATERIAL RESOURCES.

The Waterlime in Putnam county is more than usually adapted to

purposes of general building. While it is without that massive and

rough condition so often seen in Wood and Ottawa counties, it still has

not acquired the thin, laminated condition of the Tymochtee slate of Wy-
andot county. Hence the quarries of the county generally supply the

demand for all stone, even the most massive, although the facilities of

transportation by the Miami Canal are, so ample that the "Dayton stone"

of Prof. Orton, from the Niagara, is found in use in the western part of

the county, as well as stone from the Lower Corniferous quarries at Char-

loe, in Paulding county! The surface of the Drift in Putnam county

affords in many places a superior clay for tiling, brick, and red pottery.

That used at Ottawa by Mr. Samuel Row and Mr. D. D. Mullet may be

cited in illustration. It is almost entirely without stones and sand. The

manufactured article is very firm and dense. A peculiarity was noticed

at Mr. Row's tile-yard. Wherever they are touched by the hand, or

bruised by contact with each other, or with the machinery, before burn*

ing, the pieces turn, in burning, to a light ash, or cream color, and come

out of the kiln variously marked. Corners which had been trimmed

with a knife are uniformly of this color, and very hard, almost glazed, the

general color of the piece being brick red. Crevices within the clay con-
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tain small crystals, which are soft enough to be calcite, and have no taste.

A bitter substance also oozes from the Drift, and forms incrustations on

the surface along the banks of the Blanchard at Ottawa, which has the

taste of Epsom salt. Water from many of the wells at the same place

has, according to Dr. C. M. Godfrey, a cathartic effect, which is believed

to be due to this substance. Samples were collected for analysis, but no

opportunity has yet been afforded for making chemical determinations.*

Generally the county is well supplied with material for macadamized
roads. The gravel from the ridges could be very advantageously used

for the purpose of road-making, although it has been but very little
'•

developed. , •

Bog ore was encountered in a number of places within the county, as

follows : Section 16, Liberty township, land of Adam Hammond ; a small

deposit so far as known. It is said also to occur about a mile north of

Leipsic Station ;. also on section 26, Liberty township. On section 8,

Perry township, land of B. Demick and Joseph Wollam, there are many
indications of a deposit of bog ore. It occurs on section 16, Sugar Creek

township, land of Cadwallader Jones.

Wells and Springs.—The following data, reported by L. E. Holtz, of.

Ottawa, the surveyor of the county, are of much interest in determining

the depth of the Drift and the character of water usually obtained. Mr.

Holtz has manifested an intelligent and active interest in all the objects

of the Survey, and in many ways contributed to its prosecution :

"Wells of Putnam County.

Owner's name. Location.

.a a

ft

p<2

ft

5

Remarks.

J. J. Smith S. E. i sec. 2,Qttawa tp.

N. W. i see. 12,

N.W.J sec. 15, ' "
N. E. cor. sec. 10," "

S. E. i sec. 1,

N.. W. J sec. 14, "
N. E. i sec. 4,

N.E.J sec. 22, "
N. E. i sec. 27,

NearW. line sec. 26"

70
86

57
70
58

69|
58

58
57

47

I

15

70
86

57
70
58
70
58

73
57

47

H. V. Watts Good water; on the ridge
20 ft. sand,withoutwater.

Wm. McCurdy
M. Otto
Barney Loomis
J. M. Elbert

Good water ; comes with-
in 3 ft. of surface.

Poor water.
George Skinner
Putnam county fair

Good water.

river but little water.

• This was chemically examined by Mr. O. C. Johnson, of the Chemical Laboratory

of the University of Michigan, and was found to consist principally of Epsom salt.
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Wells ov Putnam County.

Owner's name. Location. >

el . 4

-a

1

Remarks.

Catholic Brother-
S.E.Jsec.l2,Greensb'gtp.
S.W. 1 sec. 16,Pleasant tp.

S. W.Jsec.5,Reillytp....
Sec. 30, Van Buren tp.

N.W.Jsec.31, "

47
22
22
80
85
59
60

58
76

60
58

80
93
94
68
81

67

62
47

50

37

18

5

4

1

14
1

. 3
4

2

2

47
22
22
80
103
59
65

62
76

60
58

81
107
95
71
85
67

62
49

50

39

Timothy Downey ...

SamuelVanbuskirk
" artesian.

At Leipsic Station.

Good water; but little.C. Winegardner

A. Blanvelt N. E. i sec. 8,V. Buren tp.

Sec. 20,

N. E. 1 sec. 21, "

S. E. I sec. 6, Ottawa tp.

Sec. 1, Liberty tp.

Sec. 9,
"

S. E. J sec. 16,
U (I

N. W. i sec. 29, "

S. E. J sec. 15, "
S. W. i sec. 21,

N. E. i sec. 24, Palmer tp.

S. E. J sec. 16, Monroe tp.

N. W. i sec. 22, "

N. E. i sec. 24, "

N. E. 1 sec. 15,

Sec. 23,

N.W. J sec. 17, Richfield,

Henry county

A. Mooney
the surface.

F. Miley Good • water ; mostly
through blue clay ; wa-
ter on striking the rock.

William Krauss
George Hummond...
Adam Hummond...

Good water; stands with-
in 7 feet of the surface.

Good water.
Poor water ; very little.

Good water.
tt

H. Monteith tt

Good water ; stands with-
in 12 ft. of the surface.

Good water.
Irony; comes within 15

ft. of the surface.

Aaron Donaldson...

A. C. Smith

H. Wing
in 12 ft. of the surface.

the surface.

William Guy 39

47

86

17

39

64

86

land of Powell's Creek.

Calvin and Break ...

Sec. 22, Pleasant tp. , Hen-
in 28 feet of the surface.

Mr. Holtz says there is a fine, black sand, varying from two to fourteen

feet, next the rock. He very reasonably suggests that many of these

wells, in which the water stands so near the surface, would prove to be

artesian if properly tubed, the occurrence of seams of sand allowing the

lateral escape of the water before it reaches the surface. It is also very

likely that many of those wells supposed to penetrate the " bed-rock

"

have only been drilled into some of the bowlders which often form a de-

posit varying from three to fifteen feet near the bottom of the hard-pan-

A strong " sulphur spring," rising from the rock, occurs on the land of
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Judge' J. Y. Sackett, S. E..J section 36, in Ottawa township. Although

not so copious, it has probably- the same origin and nearly the same

chemical composition as the Green Spring mineral water of Sandusky

county. Its taste and odor are undistinguishable from that, and the

water precipitates similar substances over the surface of the ground

where it spreads. Another spring of the same character is on Mr.

U. Y. Eice's land, section 8, Reilly township.



CHAPTER XLV.

REPORT ON THE GEOLOGY OP ALLEN COUNTY.

BY N. H. -WINCHELL.

SITUATION AND AHEA.

. Allen county lies south of Putnam, is bounded east by Hancock and

Hardin, south by Auglaize, and west by Van Wert. It is separated from

the Michigan boundary line by three intervening counties, and from the

Indiana line by one. Its area is nine square miles more than eleven

towns of thirty-six square miles each.

NATURAL DRAINAGE.

The streams which drain the county are small, and flow west and

south-west in the eastern half of the county, but turn toward the north

in the western half. This is true not only of Sugar Creek, the Ottawa

(known also as Hog Creek), and the Little Ottawa, which form such

angles within the county, but also of the Auglaize, which rises in the

south-east corner of the county, leaves it in a south-westerly, then re-

enters and crosses it in the western part in a northerly direction.

SURFACE FEATURES AND SOIL.

The western half of the county is flat, and presents the' common fea-

tures of the Black Swamp. The banks left by the erosion of the streams

are from ten to fifteen feet in height above the summer stage of the

water. The Auglaize below Cramersville (section 3, Marion) has fre-

quent exposures of the rock. Also, in the township of Amanda, near

the county line, the rock forms the bed of the river. In general, how-

ever, the bed of the river is on the Drift materials. The same is true of

the Ottawa. The soil of this portion of the county is usually a close,

heavy clay. There are places, however, where considerable alluvium is

spread over the surface of the Drift, incident to the overflow of the

streams. Occasionally, as in the Van Wert Ridge, which passes through
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the townships of Marion and Sugar Creek, gravelly soils appear in the

midst of the prevailing clay. Such tracts are uniformly more elevated,

and slightly rolling. The eastern portion of the county has a different

general contour. It is separated from that already described by, and is

co-extensive with, the westward course of the streams. It is undulating

or gently rolling, and in the south-eastern corner of the county is char-

acterized by prominent gravelly ridges and knolls. This undulating

surface prevails over most of the township of Sugar Creek, but is more

or less' wanting in Richland and Monroe townships. There are likewise

some flat and prairie-like tracts' even in Auglaize and Perry townships.

In the former, sections 11, 12, 13, and 14 have this character. In the

latter there is much fiat land in the vicinity of Amherst. The soil in

the eastern portion of the county is generally the same as that of the

western. Its chief element is clay, yet it contains much more gravel,

and sometimes stones and bowlders./ In ,the settlement of the county

these elevated knolls and ridges were first selected. That tract of roll-

ing land known as the " Dividing Ridge," in the south-eastern part of

the county, is at the present time in marked contrast with much of the

adjoining country. It is occupied by handsome, well-drained, and well-

cultivated farms, the native timber having been nearly all removed,

while on either side much of the country is still in its primeval state.

Throughout this tract the rock is occasionally seen in the beds of the

streams. The banks of the streams are usually higher than in the west-

ern part of the county. The banks of the Ottawa at Lima are about

thirty feet, and continue of that height for two miles above the city, the

water running on the surface of the rock.

GEOLOGICAL STRUCTURE.

With the exception of a small area in the south-eastern corner of the

county, the underlying rock belongs to the Waterlime.

The Niagara is quarried by Mr. Alexander E. Kerr on section 30, Au-

glaize township. . It presents the features of the Guelph phase, in vesic-

ular beds of two to three inches, and lies horizontal or dips gently toward

the north. It is of a bluish-gray color, and some portions of it are firm

and crystalline. About eighty rods north-west from Mr. Kerr's quarry

is that of. Mr. Alexander Crepps, where the stone is slightly different

from Mr. Kerr's. There was not sufficient exposure to indicate whether

it be Niagara or Waterlime, although the evidence was, so far as seen, in

favor of the latter. The Niagara is again seen in the bed of a small

tributary to the Auglaize, on Mr. Hay's land, N. E. J section 22, and in

a similar situation on Mr. Harrison Clawson's land, N. E. \ section 21,
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both of the same township. Mr. Hay has not opened his for use, but

Mr. Clawson has taken a few stone from his for ordinary foundations.

So far as seen, this stone is the same as that in the quarry of Mr. Kerr,

in section 30.

The Waterlime in Allen county shows almost every where only the fea-

tures of the Tymochtee slate. The beds vary from an eighth of an inch to

eight inches, but are usually not over two inches in thickness. Their

color is either blue or a bluish drab, with black films of bituminous

matter between the bedding. These films are themselves so largely de-

veloped in some places, and the more calcareous beds are so thin, that

the aspect of the rock is that of a bituminous slate. By reference to the

Geology of Wyandot County a more complete account of this phase of the

Waterlime may be seen in the description of the section taken from the

banks of the Tymochtee in Crawford township.

In Richland township the following persons work the Waterlime, ex-

posed in the bed of Reilly Creek, near Bluffton, viz., Reese and Siddall,

for common stone and for lime-burning ; Barney Huttinger and J. H.
Eaton. Mr. Eaton also burns lime. John Shoemaker has a working in

the same stone three miles north-west from Bluffton, in the bed of the

creek.

In Auglaize township the Waterlime appears, and has been somewhat

used for general purposes and for lime, on the land of David Crall, section

17, taken from the bed of the stream. Beds here are about two inches

in thickness.

In Bath township the quarry of Alexander Miller. S. W. \ section 29,

Supplies an even-bed, fiat stone, of a blue color, about three inches in

thickness, which is largely used at Lima and other places for flagging.

The beds, however, occasionally become six inches thick, when tbey are

valuable for walls, and command a good price for all uses. They are

easily cut and broken, by the usual means, into such sizes and shapes as

may be needed, the fracture being straight and running like the fracture

of glass under a diamond. The best stone is delivered at Lima for $1.50

per perch. The amount of exposure here is about three feet perpendic-

ular, the beds lying horizontal.

On the S. W. \ section 28 Dague & Brothers have a quarry in the Wa-
terlime. Another occurs on the land of J. Fetter, N. W. \ section 26.

That of J. Custer is on the S. W. \ section 24. It furnishes a rough
dark-drab stone, in beds of three to six inches, with more or less inter-

stratification of thinner and more bituminous layers. One mile below
Custer's is Samuel McClure's quarry. Daniel Miller's quarry is on sec-

tion 8, in the bed of Sugar Creek, the stone supplied being a fair repre-
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sentation of the Tymochtee slate. It lies in thin, blue layers, with
black, bituminous films separating the beds. The .edges of the bedding
are sometimes horizontally streaked with bluish drab. The best stone

here is three inches thick. It brings $1 per perch for walls at the

quarry. Second, grade stone for walling is sold at the quarry for 62£
cents per perch ; third grade for walls (| inch to 1 inch), 37-J cents per

perch. Three grades of stone for flagging are sold as follows

:

First grade, delivered in Lima, per 100 square feet M 25

Second grade, " " " ""
. $2 25 to 2 50

Third,grade, " " " "
\ l 75

• At Lima, in Ottawa township, the quarries of Delzall and Overmeyer
and of Wadhams and Bowers are situated in the Ottawa, and are prin-

cipally occupied in lime-burning. At the former about four and a half

feet are seen in beds of one to two inches. Some Of it is rough and
vesicular, but in beds not over six inches. Stone has also been taken

from the bed of the Ottawa*, at Lima, on T. K. Jacobs's land.

Near G-omer, in Sugar Creek township, the bed of the Ottawa is rocky.

It may be seen on the land of Isaac H. Clevenger (section 20), where it

lies in thin, horizontal beds ; also on the land of David Roberts, near the

county line, where the beds are three to four inches, and dip south.

Formerly stone was taken from the same creek at Allentown, section, 29,

German township.

In the township of Marion the Waterlime shows in the bed of the

river, N. E. J section 28, and on David Robinson's land, S. E. J section

21. Some has been taken out at the latter place in blocks six inches

thick. The abutments of the highway bridge over the Auglaize at this

place are of Waterlime blocks, twelve to sixteen inches thick, like the

stone obtained from Boehmer's quarry at Port Jennings, in Putnam
county. They are capped with sawn blocks of Lower Corniferous from

Charloe, in Paulding county, and angled with blue Niagara from Piqua,

in Miami county. The Waterlime has been slightly worked in the bed

of the Auglaize at various points near Cramersville (section 3). Such

quarries are owned by W. V. Scott and John Welsh. Mr. Welsh* also

burns some lime. John A. Seitz also runs a lime-kiln, S. E. \ section 35.

In Amanda township the chief exposures of the Waterlime are in the

Auglaize, near the county line. It occurs in blue layers on the land of

Samuel Stewart, N. E. J section 9. On the N. E. J section 15 it lies in

thin, blue layers on the land of William Bice; and on the S. E. J of

the same section, between Mr. James Sunderland's and Mr. Samuel
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Anderson's farms, the following section may be taken from the bed of

the river

:

No. 1. Soft, porous, gray, and chalky in spots. In every respect

similar to No. 1 of the section, taken from Anderson's/

quarry, on section 22, Pitt, Wyandot county 8 inches.

" 2. Hard, massive, or thin-bedded ; dark drab ; flinty ; lamina-

tions irregular, sometimes coalescent. This is the equiva- '

lent of No. 2 of Anderson's, in Pitt, Wyandot county.

,

Irregular surface exposure, showing a perpendicular sec-

tion of perhaps •. 6 "

In Spencer township the Waterlime appears in the bed of Jennings's

Creek, in section 14, where it is quarried for quicklime by C. C. Marshall.

The beds are two to four inches thick.

The Drift.—The character and the materials of the Drift in Allen

county are the same as already described in other counties in north-

western Ohio. The peculiar features of this deposit, which may be seen

in the south-eastern corner of the county, are fully described in a previ-

ous chapter. There is a more frequent occurrence of stratification and
assortment of the Drift in the eastern half of the county, where the

streams all flow toward the west or south-west, than in the western half.

It seems also to be arranged in a series of broad north-east and south-

west ridges, or swells,* the intervening valleys being occupied by the

streams, which necessarily conform to the direction of the main valleys.

The average thickness of the Drift in the county can not be stated, but

it is probably not over seventy-five feet. It seems thicker in the eastern

than in the western half of the county. At Lima gravel beds are seen

in the Drift, and in some instances near there the gravel rises to within

three or four feet of the surface. It shows the usual tortuous, glacial

stratification, and is embraced within" the St. Mary's Ridge. It is util-

ized by Mr. Alexander Miller and Dr. E. Ashton for road-making, the

finer parts being used for mortar.

MATERIAL RESOURCES.

Besides the strong and deep soil with which the county is every where

covered, and in which consists its chief source of material wealth, the

county has little to depend on in the products of its geological forma-

tions. Indeed, the most of the county is poorly supplied with stone for

common foundations. The Niagara, in the south-eastern part of Auglaize

township, is of the Guelph, or upper portion of that great member of the

Silurian age, and is an inferior stone for building. For quicklime it is

well adapted. It affords a strong, white lime', which acts quick, and is
-

26
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easily burned. The quarries which have been opened in it have not

been systematically prosecuted, a fact which has served not only to re-

duce the derivable income, but also to discourage others from similar in-

dustry. Where the overlying Waterlime occurs in thick beds it could

be profitably worked, but there are no considerable openings in such

beds within the county. The formation is chiefly wrought in its thinner,

blue layers, owing to the evenness of the stone, and the ease with which

it can be obtained. Much of this kind of stone is used for flagging at

Lima, Bluffton, and Delphos. Some of the best quarries are located at

Lima, and afford also a handsome stone for walls and foundations. The
quicklime made from the Waterlime at Lima not only supplies the

local demand, but is used in the' surrounding country. The product of a

single firm, Delzall and Overmeyer, amounts to about twenty thousand

bushels per year. Other kilns would increase the annual product of

quicklime to at least thirty-five thousand bushels. In the summer of

1871 the retail price per bushel was twenty-five cents. In wholesale

amounts the price of lime delivered on the cars was twenty-two cents,

per bushel. In the eastern part of the county gravel for roads and

sand for mortar are not uncommon in the knolls and short ridges of the

rolling tracts. Clay, also, suitable for red brick and pottery, is abundant

in all parts of the county. There are, probably, but few square miles, if

any, within the county from which good brick could not be manufac-

tured—a statement which is equally applicable to most of the Fourth

District of the State. Brick-yards are met with at the following points,

sthe clay being taken from surface of Drift

:

'

S. E. J section 24, Marion township, Richard Evans ; Beaver Dam, sec-

tion 29, Richland township, Rich and Lewis; Bluffton, Dr. H. P. Eaton

;

JBluffton, Lewis and Baker ; Lima, John P. Haller ; Lima, Lewis Gott-

ifried ; Delphos, Joseph Fetter.

Wells and Springs.—Wells for domestic and farm-yard purposes usually

ifind water in the Drift deposit. Such water most frequently springs

;from. the gravel or sand reservoirs embraced within the Drift, or lying

between the hard-pan and the rock. In the eastern portion of the

i county, in rolling, or undulating areas, such gravel deposits are usually

:met before penetrating to the bottom of the Drift ; but in the western'

.part, where the country is flat, the only gravel bed which supplies water

: seems to be on or near the bed-rock. Wells, however, on the Van Wert
Ridge, in the northern part of Marion township, reach good water at ten

or twenty feet, in gravel which lies above the great mass of the Drift.

A short distance either side of this ridge wells have to be dug much
. deeper.
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Strong mineral springs issuing from the rock occur in various parts

of the county. While they rise immediately from the Waterlime, their

origin is believed to be in the Niagara. They are known as white sul-

phur springs. One occurs on section 7, Bath township, on the land of

John B. Miller; several others on section 8, land of Daniel Miller; and

another at Bluffton, which rises with an artesian overflow from a well

drilled to the depth of one hundred and twenty-nine feet. The source

of the water in the Bluffton well is said to be near the bottom, and must

be in the Niagara. These springs deposit a white or creamy coating

near the source, and where the current is rapid ; but in still water, and

at points more remote, every thing over which the water passes is of a

purplish black. An offensive ga,s, like sulphureted hydrogen, escapes

from the water, and can be perceived for some rods. It is only by a

chemical examination of these springs that they can be distinguished

from similar springs met with in Seneca, Sandusky, Ottawa, Hancock,

and Putnam counties.
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REPORT ON THE GEOLOGY OF AUGLAIZE COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

Auglaize county lies immediately south of Allen. It is bounded east

by Hardin and Logan, south by Logan and Shelby, and west by Mercer.

Its county seat, Wapakoneta, is situated on the Auglaize River,' thirty-

six miles from the Indiana State line, and seventy-nine from the Michi-

gan State line. The area of the county is three hundred and ninety-

eight square miles. It has an irregular general outline. Its length east

and west is about thirty-nine miles. Its width varies from seven and a

half to twenty-three.

NATURAL DRAINAGE.

Its situation is near the summit, but on the north side of the broad

watershed between the Ohio and Lake Erie. Indeed, some portions of it

are drained southward through the Muchinippic Creek into the Miami
River. It necessarily contains no large streams. Those in the eastern

part of the county present the same peculiarity of direction as already

noted in the case of the streams of Allen county. They flow toward the

south-west or west, turning at right angles toward the north-west or

north. Some of those again which have acquired a northerly direction

are diverted a second time from their most direct course, and are made to

run diagonally ,across the general slope of the country. Thus the St.

Mary's, after passing one such barrier at the village of St. Mary's, en-

counters a second near Kossuth, which it cannot pass, but maintains a

diagonal instead of a direct descent to its junction with the St. Joseph,

in Indiana. These streams are to a great extent dependent on springs

from the gravelly reservoirs embraced within the Drift. The St. John's

Ridge serves at once as a barrier to the Pusheta Creek, which flows

along its upper or southern side, and as the reservoir from which flow

northward a number of the tributaries of the Auglaize. Gravelly de-

posits in the same ridge give rise to springs in such numbers in the
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western part of the county that, by the action of the Wabash Ridge,

they unite to form the St. Mary's River. Such streams are less influ-

enced by seasons of drouth, and are more reliable for water-power. They

are, however, so small in Auglaize county that, with the exception of the

St. Mary's and some- parts of the Auglaize, they cannot be extensively

utilized in that way. The Miami Canal furnishes good water-power at

its various locks, which is generally improved- for flouring or manufac-

turing purposes. The aggregate descent in the grade of the Dayton and

Michigan Railroad from Botkin's Station, near the- southern boundary of

the county, to Criderville, near the northern, is one hundred and twenty-

seven feet.

SURFACE FEATURES AND SOIL.

Auglaize county, although showing many of the features of the Black

Swamp, both in surface contour and soil, has many exceptional features

that" indicate its border situation. The townships of Salem, Noble,

Moulton, and Logan may, perhaps,, be strictly included within the scope

of that term ; but the most of the county is more undulating, and the

Drift is more gravelly, and more frequently shows an assortment of its

materials than the level tract usually embraced in that designation.

The features of the Black Swamp fade out gradually toward the south,

and the characters which prevail in the various moraine-like ridges

which cross it are spread more generally over the whole country. These

changes become very perceptible in crossing the ridges at right angles

from the center outward. Auglaize county is affected by three of these

ridges. The outer and older is characterized by a succession of gravelly

knolls and short ridges, having often a very rolling surface. It has a

width which varies from one-half mile to three miles. It crosses German
township, the north-west' corner of Shelby county, Pusheta, Clay, and

Union townships. New Bremen, Botkins, and St. John's are situated on

it. Owing to its remarkable development at the last-named place, it has

been named the St. John's Ridge. Another gravelly ridge, called the Wabash

Ridge, intersects the county in a similar way, passing through St. Mary's,

Moulton, and Duchouquet townships. It is intersected by the Auglaize

at Wapakoneta. The third passes through the northern part of Salem

township. This is simply a broad, gentle undulation, or thickening of

the Drift, and seems to consist of clay. If it contains gravel, it lies at

considerable depth, as seen at Lima, where the Ottawa River makes

through it. It has been fully described in a preceding chapter, under

the name of the St. Mary's Ridge. Between these ridges the country is

sometimes quite flat, but more frequently undulating in Auglaize county.
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In the townships of Wayne and Goshen, on the summit of the great

watershed, the drainage is so imperfect that considerable territory is in

the condition of swamp or wet prairie, on which stand several inches, or

feet, of water during the wet months of the year. These areas are

mainly without forest, and have a peaty soil. They are in the eastern

part of the county, and are drained southward into the Miami River.

The soil of the pounty is essentially clay. Various local circumstances

have caused accidental qualities to greatly modify it. Along the river

bottoms, the rich, sandy loam resulting from the annual wash of the

streams upon the Drift banks adjoining, has always been prized for the

quickness of its crops and the ease of tillage. In places poorly drained

there is an accumulation of animal and vegetable debris which, under-

going slow decay, adds considerable ammonia and phosphorus to the

original Drift soil The farms on the ridges, particularly the St. John's

Ridge, are characterized by a gravelly clay soil. In short, wherever the

drainage is rapid, so as to carry away the finer constituents of the Drift,:,

soil, there is found a greater amount of gravel. Stones and bowlders

very rarely disturb the plow in Auglaize county. Wherever they occur

they seem to have been washed from the materials of the Drift by rapid

drainage.

The streams have a flood-plain, and a single bench, or terrace, worn

out of the drift deposit. The height of these at any point depends on

the swiftness of the current, the amount of set-back in the water, and

the undulations in the original Drift surface. The flood-plain usually is

from three to six feet above the summer stage of the water, but it some-

times rises to ten or twelve. The Drift banks of the Auglaize and the '

St. Mary's rivers are usually about twelve feet above the summer stage

of the water. Where they cross the ridges the exposed section is much

more, sometimes reaching twenty-five or thirty feet.

' GEOLOGICAL STRUCTURE.

There is but a single exposure of the underlying rock within the

county. Hence but little is known of the details of its geological struc-

ture. In general, however, judging from the known formation of sur-

rounding counties, the Niagara limestone must underlie the townships

of Wayne, Goshen, Clay, Pusheta, Washington, Jackson, German, and

St. Mary's, the boundary line between it and the Waterlime passing

south-westwardly through the township of Union, and north-westwardly

through Noble, and about a mile south of Wapakoneta. The remainder

of the county is underlain* by the Waterlime formation. The only ex-

posures of this stone within the limits of the county are in the bed of the
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Auglaize River, section 22, township of Logan. It is worked for founda-

tions and for walls, as well as for flagging; and being the only stone ob-

tainable within a radius of many miles, particularly toward the south,

east, or west, it obtains an extensive sale. The Dayton stone is, however,

principally used for heavy walls and for abutments in all the western

portion of the county. The most important opening in the Waterlime

is that of Mr. George Lathrop, although it is also quarried by Mr. Rus-

sell Berryman, Mx.J. Pierson, and Mr. Benjamin Backus. The stone is

generally thin-bedded and blue, with much bituminous matter, present-

ing the features of the Tymbchtee slate. It is usually not well adapted to

lime-burning, although some of the beds, particularly those which are

thicker and irregular, or vesicular, could be profitably employed in that

way.

The Drift.—The composition of this deposit in Auglaize county is not

noticeably different from that already described in giving the geology

'of adjoining counties
;
yet the proportions of its constituent parts seem

to undergo a gradual change toward the south. The clayey element is

more frequently replaced by assorted sand and gravel. These materials

seem to be embraced within the clayey hard-pan, and to be developed

upward through it, from the gravel and sand bed which often lies on

the rock, and which even in the Black Swamp forms the lowest part of

the Drift deposit. They are, however, undoubtedly disseminated in de-

tached beds, or pockets, through the whole thickness of the Drift. In the

ridges which have been mentioned as crossing the county these coarse

materials greatly predominate, always showing an arrangement in beds,

and exhibiting most perfectly the oblique stratification which in a for-

mer chapter has been attributed to the effect of streams of water issuing

from the melting ice of the glacier. Yet even here these beds are almostv

every where buried beneath a greater 'or less thickness of unassorted

Drift, which has every appearance of that which covers them generally

throughout the country, and which every where forms the soil, unless

it has become covered with subsequent alluvium. Where the action of

the glacial streams was intensified by the geological conformation of the

surface, or by the occurrence of canons or crevasses in the ice, or was

prolonged at a single point, this stratification and assortment of the

Drift would be best developed. Such seems to have been the case ill

the vicinity of St. John's. Bowlders are not common in the county.

They are usually altogether wanting in the level or, gently undulating

tracts lying between the ridges ; but in the vicinity of the ridges, and

on them, especially in the drainage valleys'which sometimes intersect

them, they are very often seen. Although the greater part of them are
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derivable from the Devonian and Silurian limestones of north-western

Ohio, there are also many which must have had a more northern origin.

In the absence of positive data, the thickness of the Drift deposit at any

point in Auglaize county cannot be stated with certainty. Wells only

penetrate to the water-bearing gravel or sand, which is generally less

than fifty feet, although some have been known to go upward of seventy

feet before striking gravel or sand in sufficient quantity to furnish a con-

stant supply of water. The average thickness, however, is not believed

to be much greater or less than in the eastern half of Allen county. The

lack of rock exposure, while it indicates a greater accumulation of Drift,

may be due to the absence of large streams capable of eroding the deposit
'

to the rock.

MATERIAL RESOURCES.

It is evident that the material development of Auglaize county will

not be from the geological stand-point, except so far as the materials of

the Drift may be made to subserve the comfort and convenience of its

inhabitants. These materials themselves have a geological origin, and

give character-to the soilr Thus geology antedates agriculture ; and in that

sense even the agricultural resources' of the county may be said to be of a

geological origin. Aside* from this, however, the Drift of the county is

rendered abundantly useful. It supplies an excellent clay every way
suited for the manufacture of brick, tiling, and pottery: The gravel of

the ridges which cross the county, wherever it is revealed, is made to

subserve the purposes of road-making, though not to that extent that

its proximity and the ease with which good roads can "be made by its

use would indicate and demand.

The following establishments for the manufacture of brick and tiling

were met with in the survey of the county. There may be others :

Michael Stenger, Wapakoneta Brick.

JohnP.Fus, " "

Christ. Haeisler, "
-. Tiling.

A. P. Rheinhardt, N. E. J section 21, Union Brick and tiling.

William Lemons-section 12, " Brick.

David Gilmore, N. E. £ section 1, " "

Quincy Hufferd, two miles west of Roundhead, near the east county

line Tiling.

Philip Knairr, Fryburg .' Brick.

Ernest Hilgeman, New Bremen "

William Langhorst, " Tiling.

William Barth, S. W. J section 5, German Brick.

Barney Ortman, Minster....; "

Theodore Dickman, " v "

Cook and Meckstroth, section 30, Washington Tiling and Brick.
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' The principal banks opened for gravel occur at St. Mary's and Wapa-

koneta, at both places in the Wabash Ridge. The St. Johnjs Ridge is

also opened for- gravel a short distance north-east of New Bremen and

at St. John's village.

A deposit of mineral paint, or ochre, in the S. E. J section 34, Union

township, was met with on the land of John Neal. The soil about is red

as with iron - peroxide, and indicates the proximity of a bed of bog ore.

The ochreous deposit also spreads over the land of William Giberson.

If this deposit of ochre, on examination, should-prove to be extensive, it

might be made of considerable economical value in the manufacture of

a mineral paint.



,
CHAPTER XLVII.

REPORT ON THE GEOLOGY OP MERCER COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

Mercer county lies on the Indiana State line. Its form is that of a

regular parallelogram, twenty-six miles in length north and south, and

eighteen in width, embracing thirteen towns of thirty-six square miles

each. It is bounded north by Van Wert county, east by Auglaize, and

south by Darke.

NATORAL DRAINAGE.

The natural slope of the whole county is toward the north, and the

small streams which take their rise between the ridges run uniformly in

that direction. Encountering the ridges, they unite to form one main

stream along the upper or outer side of each ridge, which then flows di-

agonally across the general slope toward the west or north-west, follow-

ing the direction of these barriers. Thus the small istreams which form

the Wabash rise in Darke county or the extreme squthern part of Mercer,

and run north till they meet the St. John's Ridge, when they are diverted

westward. Before the Wabash leaves the county it crosses this barrier

near Port Recovery, owing, probably, to the very gravelly character and

the rolling surface of the Drift prevailing in that section, and then fol-

lows the natural, direct descent till it meets the Wabash Ridge. This it

is not able to pass,, but follows it into Indiana. It finally is carried in

this way over the great watershed; or rather, the great watershed verges

so far north as to appear on the other side of this ridge, allowing the

Wabash to join the Ohio toward the south. A number of other streams

of Mercer county are in the same way diverted westward by the Wabash

Ridge. On the north of this ridge the streams have a northerly direc-

tion to their union with the St. Mary's, when, with it, they are carried

along the southern side of the St. Mary's Ridge till, meeting the St. Jo-

seph at Port Wayne, Indiana, their united waters have succeeded in

passing the ridge.
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SURFACE FEATURES AND SOIL.

The surface of the whole county is a continuous plain, and the changes

of level in general are due to the inclination of the rocky floor beneath.

Gentle undulations and local changes of level are, however, due to the

condition of the Drift deposit. In no county in north-western Ohio has

that dependence been seen more perfectly exemplified. The whole

county is underlain by the same member of the Silurian age, except a

small area in the north-eastern corner, which does not offer such differ-

ences of character as to permit unequal erosion by the great glacier. Yet

there may be seen crossing the county three successive ridges, or belts of

thickening of the Drift deposit, which rise from ten to twenty-five or

thirty feet above the general level. The location and character of these

ridges have been sufficiently discussed in foregoing chapters. It is only

necessary to say at this place that they' are believed to be glacial mo-

raines, marking periodical resting-places in the retreat of the glacier,

which was prolonged south-westward from the great St. Lawrence valley.

In crossing these ridges in a southerly direction the face of the country

is seen to change, not uniformly, but by successive stages, marked by

the location of the ridges. That part of the county north of the St.

Mary's Ridge is flat, and has a close, often damp, clay soil. That portion

between the Wabash and the St. Mary's Ridges is also flat, but is char-

acterized by several prairie tracts. It shows very rarely any gravel in

the soil or stones on the surface. It is also, strictly, a portion of the

Black Swamp, and has all its features. Between the Wabash and the

Si. John's Ridges the surface has a very noticeably rolling contour, al-

though with some flats. The soil is sometimes gravelly. The color of

the clay is somewhat lighter, and in general it is more easily subjected

to perfect artificial drainage. That portion of the county south of the

St. John's Ridge is still more gravelly and rolling.

GEOLOGICAL STRUCTURE.

The only rock seen in outcrop within the limits of Mercer county be-

longs to the Guelph phase of the Niagara. These exposures, however,

extend over the entire length of the county from north to south, and

there can be.but little doubt that that rock underlies the greater part of

the county. It has hot been seen in the eastern portion. Near Fort Re-

covery, section 19, it is slightly. worked and burned for quicklime by

Thomas Atkinson. It is taken from the bed of the Wabash. It is por-

ous and fossiliferous, in beds of three to six inches. It is generally of a

light blue color, with spots of a darker blue, weathering buff or white.



412 GEOLOGY OF OHIO.

It makes a white lime of great quickness and strength. The Niagara is

again seen in the Wabash, N. W. J section 33, in Washington township,

on the land of John Oswald; and near the same place on the land of

Seth Snyder, at the junction of the Totti Creek with the Wabash. It

appears again in the Wabash, N. W. J section 22, of the same township,

land of Philip Gardner. It is also said to have been formerly taken from

the Wabash at Monterey for quicklime. In sections 7 and 8, Jefferson

township, the Niagara rises near the surface of the Drift and is seen in

a number of exposures. On the S. W. J section 7 it is worked by Dr.

Walter. The stone is here similar to that seen in the Wabash at Fort

Recovery. The beds are about three inches in thickness, lenticular,

vesicular, fossiliferous, rapidly rusting with peroxide of iron. It finally

weathers a light buff. Exposure, about three feet ; dip, undistinguish-

able. On the S. W. J section 8 Mr. Thomas Godfrey has a quarry in

similar beds for purposes of lime-burning, and has opened them to the

depth of about four feet. On the N. W. £ section 8 Herbert Richardson

owns a quarry in the same beds. The dip here is unmistakable, and

about eight degrees tdward the south-west. ^The beds are here exposed

to the depth of about nine feet, without showing much variation. In

the State survey of the Wabash for ditching purposes, the surveyor re-

ports rock struck at thirteen different places, in all cases but one covered

with alluvium or Drift, sometimes to the depth of eleven feet. At a

point three miles west of Celina the rock was not so covered, on land of

Herbert Richardson and Sylvester Brooks. It is said to have a dip to

the south. On the N. E. ^ section 32, Liberty township, Joseph Pelver

'

has taken stone from the bed of the Wabash. ' Near the State line D. W.
and John Leininger have quarries in the valley of the Wabash, on op-

posite sides of the stream. It is here of the same character as already

described, and belongs to the Guelph of the Niagara. This character

of the formation prevails as far west at least as New Corydon, in Jay

county, Indiana,, where it is quarried and burned for lime. It is also

met at Willshire, in Van Wert county, where Mrs. Ann Ramsey has

burned lime and taken out stone for foundations from the bed of the St.

Mary's and of a small stream tributary to it. The dip here cannot be

made out with certainty. It is a porous and fossiliferous rock, in beds

of about three inches, of a light blue color when freshly broken, but

which soon weathers buff. On section 8, Dublin township, within the

limits of the Godfrey Indian Reserve, Mr. Claiborne Work has opened a

quarry in the river bottoms of the St. Mary's, disclosing the same char-

acters of the Niagara. This quarry at the present time affords feeble

opportunity to examine the formation', yet pieces which were gathered
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near the opening are porous, and bleached nearly white. This stone

here affords a quicklime of superior quality. Stone was formerly taken

from the bed of the St. Mary's at Mendon, but the place is now inaccess-

ible, and no inspection of its characters could be made. It is, however,

believed to be the same as that seen near Shanesville, in the quarry of

Mr. Work.

The Drift—-The characters of this deposit are such as prevail through-

out the Black Swamp generally, although much of the southern part of

the county is more broken and gravelly. Its chief constituent is clay,

which, below ten or twelve feet, is blue, but to that depth is of a yellow-

ish or light brown color. The original color of the whole was probably

blue, the brown or yellow colors being due to oxidation from above. No
distinct, constant characters, or line of ^demarkation separating the

brown from the blue, indicative of different or successive origins or

deposition, have been seen in the county, nor in
_
north-western Ohio.

. On the contrary, the colors have been seen to gradually fade into each

other in a great many instances. This clay is usually a compact, un-

stratified mass, impervious to water, and embracing stones and bowlders

of all sizes up to several tons weight. At Mercer, in Dublin township,

and throughout a radius of four or five miles, it acts as the confining

stratum for a number of artesian wells which flow from sand at the depth

of thirty- five or forty feet, the water rising from five to eight feet above

the surface. Such wells may be seen on the farm of Mr. J. Keith. Near
Celina, on the north side of the Big Beaver River, it has afforded a great

number of bowlders of the Lower Corniferous, some of which have been

worked into stone for building. They are met near the surface in plow-

ing the field. One was worked up on the land of Mr. Petre, which fur-

nished eight or ten wagon-loads pf good blocks, suitable for .common

building purposes. The ridges which cross the county consist of gravel

and sand in glacial stratification, usually overspread by a few feet of this

clay. The thickness of the Drift can not be stated. A well at Shanes-

ville was in the blue clay, at a depth of sixty feet, without water.

MATEEIAL RESOURCES.

The soil of Mercer county will necessarily always be the source of its

greatest material wealth. It will, however, reach its highest develop-

ment and yield its greatest revenue only when it has been subjected to

thorough artificial drainage, and to careful and skillful tillage. Much of

the county, is still covered with forest, while the soil of that which has

been occupied by farmers is not infrequently too damp and cold to bear

a high market price. There is no doubt that the agricultural develop-
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ment of Mercer county has been, and still is, retarded by the lack of rail-

road communication. The common roads are almost impassable in the

wet seasons of the year, and the shipment of the products of the farm

through the Miami Canal is not only difficult, but also expensive. Thus
the income of the farm is often not pushed beyond the necessities of the

occupant. Improvements are retarded, and the growth of the county

correspondingly slow. The rock which underlies the county will answer

for common use in foundations and walls, and.will be a great conveni-

ence in the manufacture of lime for the local market. When the facili-

ties for shipment become greater, there is no reason why the Niagara in

Mercer county may not be extensively and profitably burned into quick-

lime. It will certainly compare favorably with any manufactured in

north-western Ohio. At the present time the quarries in the Niagara at

Piqua furnish most of the building stone used in the county. .Gravel

and sand are taken from the St. John's Ridge, near Fort Recovery, and

from the St. Mary's Ridge, near Shanesville. At the latter place it is on

the land of Jeremiah S. Decker. At the same place a bed of bog ore is

said to occur on Squier Dilbone's land. v

For brick, tiling, and common red pottery, the surface of the Drift is

generally well adapted, and a number of establishments of that kind are

already in existence. The following were noted in the survey of the

county

:

Gast and Gake, St. John's , Brick.

John Hargedorn, section 20, Marion township Tiling.

Antony Horst, section 30, ,Marion township Brick.

Herr Von der Bush, section 24, Granville township '..Brick and Tiling.

.

Jacoh Myers, section 22, Republic township "

Edward Jones, section 16, Gibson township Brick.

S. P. Shipley, Oelina .' "

Baker and Larner, Celina "
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REPORT ON THE GEOLOGY OF HENRY COUNTY.

BY N. H. WINOHELL.

SITUATION AND AREA.

This county belongs to the celebrated Black Swamp area, in which it

lies very near the center, the Maumee River crossing it so as to divide it

into two parts nearly equal. Its area aggregates 262,106 acres, the aver-

age, value per acre being, in 1870, $10.35. It contains 204,297 acres of

uncultivated or wood land. Meadow or pasture land comprises 11,993

acres. It has 45,816 acres of arable or plow land, of which the township
of Liberty contains 7,046, a greater cultivated area than that of any
other township. Napoleon and Platfock rank next to Liberty. The
southern portion of the county is almost an unbroken, dense forest.

NATURAL DRAINAGE.

The Maumee crosses the' county in a north-easterly direction. It has
a number of unimportant tributaries which join it in Henry county
from the north in a south-easterly direction. Those that join it from the

south-west run in a direction at right angles to those from the north-

west. But one important stream joins the Maumee from the south

within the limits of the county, viz., the Turkey Foot ; but the Beaver
and the Portage cross the south-eastern portion of the county in the

same general direction, the former uniting with it in Wood county, and
the latter reaching Lake Erie at Port Clinton, in Ottawa county. The
streams are all sluggish.

SURFACE FEATURES.

The whole county is flat. There is a little diversity of surface,

occasioned by the Belmore Ridge, in the townships of Pleasant and
Marion, and also in the north-western corner of the county, for the same
reason. The inner margin of the Blanchard moraine is not prominent
in Henry county, but it is in Putnam, lying immediately south.

Soil and Timber.—The soil is generally a black, rich, swampy loam. It

occasionally becomes clayey. This is the case along the bluffs of the
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Maumee, or in situations where the surface drainage has carried the
black soil into the valleys. In the vicinity of the Belmore Ridge it con-

stitutes a very fine, sandy loam. There are also a few patches of fine,

yellow, lacustrine sand, which form a very light and easily exhaustible

soil.

The following varieties of trees are characteristic of the county :

Quercus alba—White Oak T_,,

Fagus ferruginea—Beech Ait.

Ulmus Americana—Elm (pi. Clayt.) Willd.

Quercus (?)—Chestnut-leaved Oak
Platanus occidentals—Sycamore L.

Populus monilifera— Cottonwood Ait.

Fraxinus Americana—White Ash , L.

Quercus macrocarpa—Burr Oak Michx.

Juglans nigra—Black Walnut ".

,L.

juglans cinerea—Butternut > „ , L.

Fraxinus sambucifolia—Black Ash ..' Lam.
Acer saccharinum—Sugar Maple Wang.
Quercus rubra—Red Oak .> L.

Acer rubrum— Soft Maple '.

L.

JSsculus glabra—Buckeye :. Willd.

Tilia Americana—Basswood : L.

Asimina triloba—Pawpaw Dunal.

Populus trepiuloides—Trembling Aspen , Michx.

Salix nigra—Willow Marsh.

Gymnocladu's Canadensis—Kentucky Coffee Tree Lam.
Prunus serotina—Black Cherry : Ehr.

» Quercus palustris—Pin Oak DuBoi.

Morus('0—Mulberry

Prunus (?)—Wild Plum ;

• Euonymus atropurpureus—Wahoo Jacqs.

Carya alba—Shagbark Hickory Nutt.

Viburnum opulus—Highbush Cranberry L.

Fraxinus quadrangulata—Blue Ash Michx.
' Gleditschia triacanthos—Honey Locust L.

GEOLOGICAL STRUCTURE.

The details of the geology of Henry county are not well known. The

rock exposures are confined to the bed and banks of the Maumee. It is

only known that the formations of the Devonian make their way across

the county from the north-east to the south-west, the south-eastern por-

tion being taken Up with the Waterlime. The exposures that occur in

the Maumee are of the black slate or of the Hamilton, and are sufficient

to fix pretty certainly the points of crossing of the strikes of those forma-
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tions. With that exception, the accompanying map of the county is

largely conjectural.

A short distance above Florida is the quarry of Wesley King and

brother, in the left bank of the Maumee. It consists of the following

succession of parts

:

No. 1. Compact, blue limestone, the same as at Dilz's quarry, in

Defiance county ; very hard, showing few fossils, none

of which are distinct. It contains considerable pyrites

/ and calcite, and some chert 1 ft. 2 in.

" 2. Porous bluish or gray stone ; fossils indistinct from crys-

tallization and absorption ; stone crystalline and hard,

somewhat resembling the Niagara ; crinoidal joints and

Cyathophylloids, including a Cystiphyllum, can be iden-

tified. Exposed 2 "

Total 3 " 2 "

These beds lie nearly horizontal, but dip slightly into the river south-

east, east, and north-east. Fifteen rods further down the black slate is

found in the river, making it impossible for more than two feet of shale

(the representative of {he Olentangy shale of Delaware county) to inter-

vene between this stone and the overlying black slate.

At Florida there is a stratum of thick-bedded black limestone within

the black slate, though near its base. It is exactly the same, in all out-

ward aspects, as a heavy-bedded black limestone seen in the black slate

in the northern portion of the lower peninsula of Michigan, outcropping

at Sulphur Island, in Thunder Bay, and at Sunken Lake, in Presque Isle

county. At Florida it is used for all common purposes by the country

people, and has been burned into lime. Below this place the Maumee is

filled with the slack-water from the Providence dam, constructed for

canal purposes, and no other view of the bed-rock can be had. At Na-

poleon, however, a well was drilled by Mr. H. T. Osborn, in 1872,

which, according to his record, struck a gray limestone, after passing

through the Drift, at the depth of forty-five feet. It had a thickness of

about thirty feet. The well was continued to the depth of seven hun-

dred and fifty feet. Water was obtained at seventy feet, and again at

ninety feet. Another well was drilled at Texas to
1

the depth of one

thousand one hundred and eighty feet, which furnished strongly sulphur-

ous water from the depth of four hundred and fifty-two feet. The rocks

passed through here are said to be the same as at Napoleon, but the

records at both places are not reliable for geological purposes. The black

slate was struck at one hundred and fifty-seven feet at Wauseon, in Ful-

ton county. Water was thrown out, with gra,vel-stones, to the height of

nearly one hundred feet above the earth, by a powerful escape of gas.

» 27
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The Drift.—The general character of the Drift in this county is the

same as in Defiance, and the reader is referred to the report on that

county for a full description. The following details, relating to the Bel-

more and Blanchard Ridges that cross the county, will be of interest to the

student of the phenomena of the Post-Tertiary. At Lake Ridge village, in

Michigan, as well as at other points further north, numerous bowlders are

piled on the ridge. They have been gathered from the fields. Toward
the Lake there is uniformly a descent from the summit of the ridge, but

not always in the opposite direction. Similar bowlders are seen strewn

variously over the easterly slope of the ridge. This is particularly the

case soon after passing the Macon, going south. They are also very

numerous in the fields beyond, on the' easterly side of the ridge, where

the soil is black, some being three or four feet across. The people de-

nominate them " field stones." This ridge can be traced and located by

the road to about four miles south of Ridgeway, when the road leaves it.

Here the ridge also becomes less marked, but a,t about three miles south

of Ridgeway a series of sandy knolls and ridges branch off.more westerly

than the real ridge, and at a distance, looking from the east, this promi-

nent, almost continuous, series of short ridges has more the aspect of the

real ridge than that on which the real ridge is said to be located. The

road, however, follows the real ridge, but at last leaves it, running in a

direction to pass a little east of or near Palmyra. The ridge here be-

comes obscured by lake sand, and different opinions are held by the peo-

ple as to its true location, some maintaining that it runs to the east of

Palmyra, others to the west. The country south and east of Adrian is

all rolling and sandy as far as two or three miles south of Fairfield, when

the road enters the low, black land of the swamp. This low, black land

is strongly defined along here. The ''oak openings" border it, on the

north-west. They are sandy. The swamp is known as timbered land,

in distinction from the "openings." North and west of the openings

we come upon the old, gravelly drift surface, which is rough and rolling,

with many bowlders. The location of the ridge at Fairfield is unknown.

The country is sandy. At a number of places in Lenawee county maybe

seen a gradual passage from lake sand into gravelly.sand, then to a clayey

sand, and finally into a typical hard-pan. On some of the sandy knolls

bowlders are seen scattered. Indeed, this occurs more frequently than.

will admit of the sand and its contents being derived entirely from the

agency of lake currents and waves. These bowlders may be due to float-

ing ice when the Lake covered this part of the country, according to the

theory of Dr. Newberry. If they were deposited when the sand was,

they must have been put there by some other and separate force. This
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may account for them, as well as for the bowlders spread over those

places in the Black Swamp where there has been no apparent erosion.

A short distance north of Fairfield there is an opening in the road in a

ridge of gravel which runs south-west. Traveling east from Phillips's

Corners to Metamora, after passing over a flat of the Black Swamp kind,

the only indication of the Belmore Ridge that can be seen occurs a mile

and a half west of Metamora, running south-west. This ridge consists

of clay (hard-pan) outwardly, and rises about eight feet above the road,

which -it crosses between sections 4 and 9, Amboy. The people regard

it the "same as that running north-east toward Detroit." No ridge is

seen at Metamora. Two ridges of lake sand occur at Ai, where they

Beem to diverge. The most westerly runs about north and south in sec-

tion 4. The other runs more north-east, in section 3. These sandy ridges

accompany and cover the real Belmore Ridge. They continue to Delta,

the gravel of the Belmore Ridge being only occasionally visible. At
Delta there is a hard-pan ridge, cut by the railroad, showing about nine

feet. A short distance south of the railroad Mr. Spencer, in digging his

cellar, has found a hard-pan covering of twenty-three feet, but at Mr. John-

son's, half a mile further south, the ridge is of gravel. At numerous other

places between Delta and West Barre the contents of the ridge are found

to be gravel ; no lake sand seen south of Delta. The ridge maintains

its typical characters for several miles south of Delta. It is constant,

well marked, and always hard, a gentle slope toward the south-east, but

not always one in the opposite • direction. At Mr. Spencer's, near Delta,

where the main ridge is one of hard-pan, there is a second, low ridge on

the inner side of the main ridge, consisting more especially of stones and

bowlders. The main ridge here seems to be the inner margin of the Blanch-

ard Ridge, this low one being the true Belmore Ridge. From West Barre to

Ridgeville the ridge is well defined. About half a mile south-west of Ridge-

ville it is less marked. On section 11, Adams, Defiance county, it becomes

more sandy, as at Ai, and north to Lenawee Junction, but not to so great

an extent ; the ridge can be easily traced. This ridge is generally less than

ten feet high above the adjoining level, and sometimes not more than four

;

but it is continuous and remarkably uniform. Streams only seem to dis-

turb its outline. Their channels are cut wide and far beyond the possible

effects of the present amount of water. From Ridgeville to the Maumee
(section 17, Richland) the ridge is well defined and has the usual fea-

tures. The sandy element mentioned half a mile west of Ridgeville has

disappeared. South of the Maumee there are more evidences of the inner

margin of the Blanchard Ridge. At Ayersville there is an irregular

accumulation of lake sand covering the inner margin of both the Blanch-
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ard and the Belmore Ridges
;
yet less than half a mile east of the village

the former ridge emerges with its characteristic form and gravelly com-

position, and so continues, easterly, being quite conspicuous for three or

four miles east of Ayersville. Beyond that point it is apt to sink away,

becoming almost lost in the flatness of- the Black Swamp ; but even in

the flat places the gravelly character of the surface soil reveals the loca-

tion of the true ridge. After intervals of disappearance it rises again

as plain as before. Such low intervals occur especially through sections

19, 29, and S3, in Pleasant township. In the N. E. \ section 3, Palmer,

Putnam county, Mr. John Burkhardt lives on a little knoll or short ridge,

which, surrounded by the usual characters of the Black Swamp, is an

evident proof of the location of the inner margin of the Blanchard Ridge.

Mac. Maguire, near Burkhardt, is on a similar ridge. These are similar

to those about Medary Swamp. The ridge cannot be traced continuously

through seetions-33 and 3, but may be occasionally seen. It is also spread

laterally. Job's farm, section 1, Palmer, and Cyrus Markley's, section 6,

Liberty, are on this ridge, which here is known as the "Leipsic Ridge,"

from its passing through a village of that name further east. This ridge

runs mainly or entirely south of the Medary Swamp. It emerges from

the entanglement of that swamp toward the east with a marked and

unusual development on section 15, Liberty. It there seems to be half

a mile over, and maintains that size to Leipsic. It is more clayey than

the Belmore Ridge, as before described, between the swamp and Leipsic,

being little more than a shoulder in the general surface, sloping north-

' east into the low land of the .swamp. The soil of this ridge at Leipsic

is not much different from that south of the ridge, yet in some places it

is very gravelly, and has red spots along the north side. Thence to Mc-

Comb this ridge has more the characters of a shoulder, with a slope only

to the north ; but at that place, and east of it, it is a complete ridge, and

more gravelly, descending both to the north and south. Its outline is

rolling, and it rises sometimes twenty feet. Before reaching Van Buren it

spreads irregularly^ or splits into two, which run independently a short

distance, or sometimes are connected by spurs. The whole width is

usually forty or fifty rods, and in some places a rolling surface prevails

for some distance south of the true ridge. Sometimes cobble-stones and

bowlders may be seen on it. Prom Van Buren to Postoria this ridge is

well defined, and has all the usual features, including a descent both

north and south. It is, however, apt to become broad and branched, or

double. At Postoria, approaching from the west, it can be seen to sep-

arate into three parallel ridges, all included within the space of half a

mile. It is, very commonly a' real hard-pan, showing no more gravel
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than the rest of the country. Where the Baltimore and Ohio Railroad

is. graded through it, about a mile west of Fostoria, a section of about

eight feet is exposed. The upper four feet are here gravelly hard-pan,

and the lower, stratified gravel with coarse sand, embracing some stones.

New Riegh, in Seneca county, is on a hard-pan ridge, or at least a hard-

pan knoll. About mid-way between Berwick and McCutchenville is a

very conspicuous hard-pan ridge, which, on the left bank of the San-

dusky (S.E.J section 26, Seneca), forms a bluff about sixty feet high. This

ridge can be traced westwardly, running about a mile north of Adrian

and the same distance, north of Springville, forming the outer margin

of the Blanehard Ridge. -
,
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CHAPTER XLIX.

THE GEOLOGY OP DEFIANCE COUNTY.

BY N. H. WINCHELL.

SITUATION AND AREA.

Defiance county is in the north-west corner of the State. It touches

Indiana on the west, and Williams county intervenes between it and

Michigan on the north. On the east it is bounded by Henry county, and

on the south by Paulding. Its area is^257,492 acres. Of this, 58,912

acres are arable or plow land, 27,297 acres are meadow or pasture land,

and 173,238 acres are uncultivated or woodland. The average value per

acre is $11. 16.

NATURAL DRAINAGE.

The Maumee Eiver crosses the south-eastern portion of the county in

a direction a little north of east. At Defiance it is joined by the Auglaize

from the south and by the Tiffin from the north. The St. Joseph River,

flowing in a south-westerly direction, crosses the town of Milford, in the

•north-western corner of the county. The small tributaries of the Mau-

mee from the north, and of the Tiffin, with Powell Creek, from' the south,

constitute the only important streams of the county. These streams are

generally sluggish, and do not furnish good water-power. For power for

milling and manufacturing the locks of the canal are generally depended

on, not only in this county, but in most of those through which the State

canals pass in the north-western quarter of the State.

SURFACE FEATURES.

The whole of this county, except a small portion in the north-western

corner, which is rolling, is embraced in what is well known as the Black

Swamp of Ohio, and exhibits the surface characters.that prevail in most

of the Fourth Geological District. The surface is fiat and unvaried, and

the roads generally very muddy in the wet season of the year. The

drainage is slow. The valleys dug by the streams are wholly within the

Drift, and rarely disclose the rock. They are sometimes fifty or sixty

feet in depth below the general level of the country, and along the flood-
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plains, as well as in the streams themselves, are numerous northern

bowlders. The valleys of the streams are -not terraced.* They consist

of a single main descent from the surface of the country to the flood-

plain. The chief diversity of surface in the county consists of the

ridges that cross the county, which are particularly described under the

head of The Drift. Outside the upper ridges in the towns of Milford and

Hickville the country is much more rolling, consisting of a gravelly

clay, or, occasionally, of gravel, more or less mingled with stones and

sand, and has the character of oak openings.

Soil and Timber.—The prevailing soil is clay. Throughout the most of

the county this clay is gravelly and stony. It is slightly undulating in

some places, but generally needs artificial drainage. This clay in Mil-

ford township loses much of its refractory character, and becomes very

gravelly. It is of a yellowish ash color. In other parts of the county it

is locally covered with a light beach sand. This is often spread out

over 'many acres or square miles, making a very light soil. The Belmore

ridge, crossing the eastern part of the county through Highland, Rich-

land, and Adams townships, consists largely of gravel; or of gravel and

sand. It is also associated with considerable light, yellow sand, as at

Ayersville. This sand, in favorable situations, is converted by the acces-

sion of vegetable remains into a rich black loam. This is the case in

some places .in Farmer and Mark townships, and at Brunersburg, and

along the valley of the Tiffin to Evansport. About Defiance a peculiar

beeswax soil prevails. It may be seen in its typical characters along the

road from Defiance to Brunersburg. It is an exceedingly fine clay, waxy,

and difficult of agriculture. It has the same color as the gravelly clay

that prevails over the most of the county. It comprises the surface of

the horizontally stratified fine clay, and is due to the action of the

waters of Lake Erie on the glacial Drift at the moment of deposition.

Its stratification can be seen in excavations along the road on the north

side of the river at Defiance. It is underlain by typical unmodified

Drift. It may be called lacustrine clay. It is probably the equivalent

of the Saugeen clay of the Canadian geologists, together with that por-

tion of the Erie clay that is similarly stratified. In Mark township is

an extensive marsh, with one to three feet of muck lying on a level clay

surface. The prevailing trees about this marsh are black ash, elm, soft

maple, etc. The swamps in Milford, on the outside of the ridge, are

* To this statement there is one exception. Between Defiance and Independence,

where the Maumee crosses the Blanchard moraine, it has a " second bottom," i. e.,

one in addition to the flood-plain. See under The Drift, in Defiance county.
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deeper, but less extensive, and are frequently characterized by tamarack
trees.

In the survey of the county the following species of trees were noted
1

;

Quercus alba—White Oak L.

" ?—Chestnut-leaved Oak
" rubra—Red Oak L.

Carya alba—Shag-bark Hickory Nutt.

Juglans nigra—Black Walnut .". L.

.iEsculus glabra—Buckeye Willd.

"Olmus Americana—American Elm (pi. Clayt, Willd.) L.

Fraxinus quadrangulata—Blue Ash Michx.

Tilia Americana—Basswood L.

Fraxinus sambucifolia—Black Ash , Lam.
" Americana—White Ash L.

Prunus'Americana—Wild Plum Marsh.

Quercus imbricaria—Laurel-leaved Oak Michx.

Acer saccharinum—Sugar Maple Wang.
" rubrum—Soft Maple , L.

Prunus serotina—Black Cherry.... ..
'. Ehr.

Crataegus tomentosa—Thorn L.

Ostrya Virginica—Ironwood Willd.

Quercus macrocarpa—Burr Oak Michx.
" palustris (Pin Oak) , DuEoi.

Celtis crassifolia—Hackberry Lam.

Salix nigra—Willow.. .'. Marsh.

Populus tremuloides—Aspen Michx.

Gleditschia triacanthos—Honey Locust.r. L.

Populus monilifera—Cottonwood '. Ait.

Platanus occidentalis—Sycamore L.

Fagus ferruginea—Beech ; . Ait.

Nyssa multiflora—Pepperidge Wang.

Juglans cinerea—Butternut '. L.

Rhus glabra—Sumac : L.

Sassafras officinalis—Sassafras Nees.

Carpinus Americana—Water Beech Michx.

Asimina triloba—Pawpaw Dumal.

Morus rubra—Mulberry L.

Zanthoxylum Americanum—Prickly Ash Mill.

Gymnocladus Canadensis—Kentucky Coffee Tree , ; Lam.

Liriodendron tulipifera—Tulip Tree L.

Populus balsamifera—Balm of Gilead L.

' Populus grandidentata—Great-toothed Poplar Michx.

Euonymus atropurpureus—Wahoo Jacq.

TJlmus fulva—Slippery Elm Michx.

Pyrus coronaria—Wild Apple , , L.

Larix Americana—Tamarack .' Michx.
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GEOLOGICAL STRUCTURE.

The rocks of the county embrace the limestones of the Devonian and

the overlying shales. The highest observed rock is the black slate, but

it is very probable that higher formations of shale, corresponding to

those above' the black slate on the eastern side of the anticlinal, also

succeed in ascending order in Defiance county, occupying a surface area

comprising most of the northern tier of towns. The general dip is to-

ward the north. The lower portion of the great Corniferous group of Dr.

Newberry forms the surface rock of the south-eastern half of Highland

township. The upper portion of the same, represented by the blue stripe

on the map, succeeds it on the north, its northern boundary crossing the

Auglaize River in section 3, Defiance township. The greater portion of

the Hamilton fossils found in this county pertains to the lower part of

this limestone, but they are found also throughout its whole thickness.

It is hence styled Hamilton on the accompanying map, that shale which

Dr. N. regards as Hamilton in the central portion of the State not hav-

ing been discovered in Defiance county. Its place is occupied by the

base of the black slate or Huron shale. (See the Reports on the Geology

of Paulding County and of Defiance County.) This belt of Hamilton, or

Upper Corniferous, as it has been styled in the reports on Sandusky and

Seneca counties, crosses Highland and Defiance townships, underlying

also the south-eastern portion of Richland. The black slate underlies

Defiance city. The Maumee River runs over the black slate from near

the point of its entrance within the county to within a mile and a half

of the Henry county line. The remainder of the county is colored to

represent the black slate, although it is not known, as already remarked,

but higher formations succeed it in the northern towns of the county.

The Drift is so uniformly spread as to hide the rock from view.

The Huron Shale.—The only known exposures of the black slate are in

the valleys of the Auglaize and the Maumee. Beginning on the south,

the outcrop at the mouth of Powell's Creek is the first and most import-

ant, owing to the enterprise there started by Mr. Gleason of manufac-

turing hydraulic cement from its lower beds. (See Geology of Marion

County.) This is on the S. E. J section 34, Defiance township, on the right

bank of the Auglaize. The thickness of the black slate here developed

is seventeen feet. This includes that passed through in digging a well

at the same place. This well was drilled for the express purpose of test-

ing the thickness of the slate. The drill then struck a very hard rock,

which, after two or three hours' drilling, was so little affected as to cause

the abandonment of the well. The rock here struck can have been no
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other than the hard limestone burned by Mr. Dilz for quicklime a short

distance further up the Auglaize. It thus appears that the black slate

is not underlain in Defiance county by the Olentangy shale of Delaware

county, but lies immediately on that which Dr. Newberry has designated

the Corniferous limestone. This necessitates a hiatus in the Devonian

series covering the Hamilton. If, however, the blue limestone be of

Hamilton age, as claimed in the neighboring State of Michigan, the

order of succession is unbroken. (See Geology of Delaware County.)

There are indications of the outcrop of the black slate below ihe water

of the Maumee at a number of places below Defiance, but at the dam at

Independence are large slabs of black slate thrown up by the force of

the water and ice. It continues in the river to within about eighty rods

of the west line of section 24, where the hard limestone struck in the well

at Gleason's appears in the river and is quarried quite extensively. At

Gleason's and 'at Florida the black slate holds a bed of compact black

limestone. It is used for all building purposes by the people, and has

been burned into lime. It is thought by Mr. Gleason to be preferable in

making hydraulic cement. It overlies a certain, unknown thickness of

black slate, probably not less than ten feet. At Brunersburg Brice Hil-

ton owns the land that contains the only outcrop of a lenticular, shaly

limestone like that which pertains to the horizon of the base of the shale

which by Dr. Newberry has been regarded as representing the Hamilton,

but which, in reporting on Delaware county, the writer distinguished as

Olentangy shale. It occurs in the Tiffin Creek. The stone is exceed-

ingly argillaceous, and under the weather crumbles to a blue clay. This

bed here is associated with the base of the black slate, and resembles

other beds that occur in the Olentangy shale in Delaware county. There

are large, loose pieces of the black slate in the river near this outcrop,

but the exact relation to the shaly limestone is obscured by the Drift,

and can not here be satisfactorily made out. It is said to occur up the

Tiffin for a mile, but is not found below Brunersburg. Its position with

respect to the southern boundary of the black slate indicates that it

overlies ten or twenty feet of the black slate.-

The Tully Limestone.—The hard, silicious, dark-blue limestone seen

along both sides of the Auglaize in N. E. \ section 9, Defiance, is the first

below the black slate, and constitutes the uppermost portion of the Ham-

ilton. It is believed to be the equivalent of the Tully limestone of New

York. It is here extremely hard, crystalline, bluish-gray, and contains

some crinoidal joints, calcite, and iron pyrites. It is somewhat vesicu-

lar, especially the second course or layer, and embraces nodules of chert.

It consists, so far as seen at this point, of the following section :
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No. 1. Very hard, fine-grained, dark-blue or bluish-gray limestone, in

one layer, containing iron pyrites'; no fossils visible 1 ft.

[This is the equivalent of the limestone quarried' below the mill-

dam near Waldo, in Marion county, and a few miles further

south, by Mr. Brandage, in Delaware county. It there under-

lies immediately the Olentangy shale.]

" 2. More vesicular, less silicious, bluish-gray, in one bed of three feet

thick, showing some crinoidal joints, its upper surface having

vermicular markings and fucoidal impressions 3
"

" 3. The same as No. 2, but in thinner beds ; seen, about 1
"

Total 5
"

There is a slight dip to the north. Near here Andrew Dilz burns lime

from these beds, the lime being of a bluish-ashen color, and having a

noticeable hydraulic quality. No. 3 has considerable thickness, and

graduates below into the Hamilton. Another quarry in this stone is

mentioned under Geology of Henry County. That of Win. Wileman is

in the same- beds, situated in the Maumee River, near the Henry county

line.

The Hamilton.— In the N. E. ^ section 17, Defiance, on the land of

Michael Humbert, is a quarry in the Auglaize River, in a crystalline,

vesicular, bluish-gray limestone, that contains considerable chert be-

tween the bedding. It holds indistinct cyathophylloid corals. Also, in

the chert may be seen the cells of a coarse Favosites. One bed is about

a foot thick. About three feet can be made out. This stone is probably

the downward continuation of No. 3 of the last section, although there

is an unexposed distance of about two miles between them. How much
of this belongs to the Hamilton, or whether anything below No. 1 of the

last section should be included with the Tully, it is not ^possible to say.

It is true, however, that No. 1 of the last section above is the only part

that resembles strongly the beds referred to the same horizon seen in

Marion and Delaware counties.

On section 17, Defiance, is the quarry of Town Newton. Stone is taken

out there for the Paulding Furnace. The color, grain, and all the exter-

nal characters of this stone resemble those of the stone quarried at San-

dusky and used in the basement of the court-house at Defiance. The
dip is north or north-east. Further south in Paulding county are other

exposures of the same stone, likewise situated in the valley of the Au-

glaize. The reader may consult the report on that county for remarks

on the supposed equivalents of these limestones in New York.

On section 24, Delaware, Elias Bruner has discovered a stone in the

bottoms of the Maumee which belongs to the Corniferous limestone, i. e.,

to the fossiliferous, light-colored beds that first underlie the blue lime-
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stone above described. It seems to belong to a large bowlder brought

from the riorth-east at such an angle with the strike of the Devonian as

to bring it over the higher beds of the blue limestone, depositing it six

or eight miles to the north of the nearest outcrop of its native beds,

though probably many miles from the place of its origin. This bowlder

is similar to others of the same formation that have been discovered in

north-western Ohio. That particular portion of the Devonian limestones

seems to have had a peculiar tenacity under the forces of the glacial

period, large pieces from it being more numerous in the Drift than from

any other. This bowlder has been found to extend in one direction at

least thirty feet, and to have a width of at least fifteen feet. At one end,

where some quarrying has been done, it has a thickness of eight feet,

with "washed sand" below. It dips north-west, at a slight angle. Its

surface is about six feet higher than the water of the Maumee. It lies

twenty rods from the channel. Men, in " driving " logs down the river

in spring-time, report rook in the bottom of the river near the place of

the bowlder, and the river shows a decided ripple at that point. There

are no black slate fragments along the river bank, nor in the river. It

must be admitted that these facts point strongly to the probably undis-

turbed condition of this Corniferous outcrop. Its position, however, with

respect to the general trend of the strike of the formation, and especially

with the outcrop at Antwerp, in Paulding county, is anomalous. It is

wholly disregarded in the coloring of the accompanying geological map.

While this exposure, being to the north of the supposed trend of the Cor-

niferous, has an influence toward the movement of the colored Cornifer-

ous belt several miles northward^ the similar indications of a Corniferous,

or Hamilton, area in the central portion of Paulding county (see report

on that county) draw the area of the same formation toward the south.

The Drift.—The Drift in Defiance county exhibits the most interesting

characters. It can be described best by taking them in the following

order

:

1. Hard-pan, or bowlder clay.

2. Horizontal laminations of fine play.

3. Oblique and various strata of sand and gravel.

4. Lacustrine, unstratifled sand.

5. The ridges.

The hard-pan, or bowlder clay, which is spread out over most of the

county, and rises to the surface, constituting the bulk of the Drift every

where in the Fourth Geological District, also underlies those portions

that are superficially covered with fine, horizontal, clay formations. It

may be seen in the banks of the Maumee and the Auglaize at a great
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many places—indeed, every where that fresh-water sections of the Drift

banks disclose their composition. It is not 'necessary to describe it here,

as its characters have been fully detailed in many places. Where it is

not overlain by the laminated, fine clay, as it is at Defiance, it forms a

surface' soil that, in level tracts, is rather clayey, with but little gravel.

In more rolling districts, as in Milford, and the north-west portions of

Hickville and Farmer townships, it becomes not only gravelly, but

even stony. Perpendicular sections of it in such rolling districts often

show that it is largely composed of beds of obliquely stratified^ gravel and

sand, such beds also sometimes embracing stones and bowlders of con-

siderable size. These beds of stratified gravel and sand are scattered

through the whole thickness of the deposit, but in most places are most

abundant at or near the top. There is almost always a bed of a few

inches, or a few feet, of sand and gravel between it and the rock. Typi-

cal, gravelly soils that are based on this deposit prevail in Milford,

Hickville, and Parmer townships, as already mentioned. In most of

the rest of the county, where this deposit forms the basis or subsoil, the

immediate surface is much changed by marshy and vegetable accumula-

tions, and the country is there known as Black Swamp, from the flatness

and blackness of the surface. This constitutes by far the larger portion

of the entire county. The ridge on which Williams Center is situated

is formed of this kind of Drift.

Horizontal laminations of fine clay locally cover the' foregoing hard-

pan clay, and in Defiance county sometimes show a thickness of fifteen

feet. This character may be seen on the north side of the Maumee, at

Defiance, and for five or six miles toward the west, where it becomes

overlain with a loose, sandy loam, which appears to be also marly, some-

what resembling the alluvium of streams. In some places the finely

laminated clay seems to graduate into a sandy loam that constitutes the

fourth condition of the Drift to be described. This may be particularly

seen along the Tiffin River, in Tiffin township. These laminations are

usually entirely free from stones. They graduate insensibly between

very fine sand and clay. Their color is not an essential character—

a

statement which is also true of all parts of the Drift. The original color

of the Drift seems to have been blue, and that color is seen at the depth

of ten or twenty feet below the surface in all cases, whether it be hard-

pan or stratified Drift. The region where this fine, laminated condition

of the surface of the Drift exists, is a belt from three to six miles wide
running north and south through Defiance, Noble, and Tiffin townships.

It lies apparently on the western half of this tier of towns. It has not

been seen to extend on the east side of the Tiffin and Auglaize, except
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in the immediate valley of the Maumee, and that not east of the town
line of Noble.

Oblique and various strata of sand and. gravel constitute a large por-

tion of the Drift, especially near the surface, in the most elevated por-

tions of the county, *'. e., in the north-western corner, embracing Milford
township and a portion of Hickville and Parmer. This is no exception
to the usual character of the Drift at those heights above Lake Erie. In
north-western Ohio generally, however, this elevation is not reached so

near the lake shore, but there is a broad sweep toward the south, passing

into Indiana, of those features that characterize the Black Swamp. The
Van Wert Ridge, which is the inner of the two ridges passing through
Hickville and Farmer townships, is composed almost entirely of Drift

of this kind. The same is true of the Belmore Ridge, which passes

through Adams, Richland, and Highland townships. The latter, how-
ever, is more subject to. an overspreading of fine, lacustrine sand; this is

particularly the case at Ayersville.
, Where the latter ridge crosses the}

Maumee River, about a mile above Independence, in Richland township,

the extreme height of the left bank of the river, measured by Locke's

level, on the land of Charles Wilson, is seventy-nine feet two inches

from the level of the water in the river, which is dammed back from

Independence. The bank of the river appears to have been originally

very gravelly throughout the most of this height, but it is now turfed

over, and supports a large orchard of apple trees. The ridge here rises

several feet above the level of the surrounding country.

Unstratified lacustrine sand is spread over the surface of some portions

of the county. It lies usually in a sheet of a few inches or a few feet

in thickness, but it also forms some very conspicuous ridges and knolls.

This sand must not be confounded with that which lies in oblique

strata. It is distinguishable from that in being of a very uniform, fine

grain. It is made up almost entirely of silica, while the sand referred

to has grains of other minerals. The color is. also usually different. This

is generally yellowish, unless mixed with carbonaceous materials, when
it is black, or has some shade of brown. The yellow tint comes from a

deposit of iron-rust, that exists as minute scales, or thin incrustations,

on the separate grains. When this lacustrine sand is so situated that it

is not rapidly and exhaustively drained, it forms a very rich and easily

tilled black loam.

A sandy loam of this nature occurs at Brunersburg, and affords fine

wells at six to ten feet. It extends about half a mile toward the west,

but toward the north a similar surface characterizes the valley of the

Tiffin as far as Evansport. This is the ancient alluvium of the Tiffin,
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and sometimes appears stratified. At Brunersburg it is confined to the

west side of the creek, the east bank being high, and made up, near the

top, of fine, laminated clay, but on the town line between Noble and

Tiffin it extends about a mile east of the river, and is not distinguish-

able from the lacustrine sand. West from Evansport the country is

sandy for about two miles, when it begins to assume, and finally acquires

entirely, the features of the Black Swamp. Continuing westward, there

is no noticeable change till within about a mile and a half of Lick

'Creek, when a yellow color in the soil appears in occasional little mounds.

These are followed by a slowly rising surface to Lick Creek. For a mile

east of the creek the surface is quite gravelly and sandy, making, some-

times, a fine loam, and sometimes a gravelly loam. This is, for the most

part, black, but occasionally of a yellow color in spots of a few rods, such

spots also being gravelly and loose, although a little elevated above the

rest of the surface. They appear not of the hard-pan type. Sometimes

stones of a considerable size lie on the surface, but the most conspicuous

element of the surface soil at this point > is the gravel stones, although

it also contains much sand. Wells pass through blue hard-pan below.

The surface features present apparently the effect of a retiring beach

line on the previously deposited hard-pan, the gravel resulting from the

consequent washing out of the fine clay. In other places there seems

to have been a tendency to accumulation; there the lacustrine sand is

heaped up or spread out evenly. Here there seems to have been a ten-

dency to carry away, due to currents setting one way or the other. A
great many such places may be seen along the shores of Lake Huron, or

any of the great lakes, where the beach consists of aacumulating sand,

and where the bottom is sandy and soft for half a mile or more from the

shore, while in other places, perhaps at no great distance, the beach is

gravelly and stony with materials of northern origin. This all depends

upon the slope of the coast line, and the direction of the prevailing winds

and currents. In the banks of Lick Creek the thickness of this loose

deposit is seen to be about three feet. It passes below into typical hard-

pan •Drift. About half a mile west of Lick Creek is a little eminence,

having some of the aspects of a shoulder or bench, running north and
south. The soil also becomes less gravelly, having more the characters of

a hard-pan soil. A grea,t deal of this lacustrine sand lies on the gravel

ridges in Highland and Richland townships.

The ridges that cross Defiance county have been elsewhere named by
the writer (see The Drift in North-western Ohio) in the following way : That

which crosses Milford township, deflecting the St. Joseph River to Fort

Wayne, has been called the St. Mary's Ridge. It consists of a vast accu-
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mulation of glacier Drift, mainly hard-pan, and has a width of five or

six miles. Its inner margin forms the prominent ridge on which Wil-

liams Center is situated, and which runs about a mile west of Hickville

and Farmer Center. That on which Hickville and Farmer Center are

situated has been styled the Van Wert Ridge. It consists of gravel and

sand in oblique stratification, rises from six to twelve feet, and is but a

few rods in width. That which deflects the Auglaize and the Tiffin from

flowing directly toward Lake Erie has been named the Blanchard Ridge,

from the Blanchard River, which flows along its outer periphery for a-

distance of about thirty miles. It is similar to the St. Mary's Ridge

both in width and cpmposition. Its inner margin is very much like

that of the St. Mary's Ridge, and very often takes the name of ridge. It

passes through Leipsic, in Putnam county. It is followed by the Belmore

Ridge, which crosses Highland, Richland, and Adams townships, and is

intersected by the Maumee near Independence. At Defiance the rock is

struck at fifty feet.

The following details will be of interest in respect to these ridges in'

Defiance county. The inner margin of St. Mary's Ridge at Williams

Center is prominent as a ridge of hard-pan Drift, rising abruptly on both

sides to the height of about forty-four feet above the flat on the east. It

has a rolling, diversified contour. The various gullies and channels cut

in it by the erosion of natural drainage show stones and bowlders embraced

tightly within the clay, some of the latter being two and three feet in

diameter. Wells get water at Williams Center in a five-foot bed of gravel

eighteen to twenty-five feet below the surface. But when the blue

hard-pan is penetrated, the water in the gravel on the rock rises from

the depth of eighty or ninety feet quite to the surface, making valuable

artesian wells. There is an important area of artesian wells just east of

Williams Center. Along the east side of this ridge the Van Wert Ridge

can be traced independently. It is about thirty feet lower. Mr. D. Hoff-

man lives on this ridge at Williams Center. His cellar is dug in gravel

and sand, depth of gravel unknown. A well at his barn, on the south

side of this ridge, went through two feet of gravel at ten feet, with abun-

dance of water, not artesian. Bowlders are strewn over this ridge at Mr.

Huffman's in great abundance. The shallow wells east of Williams Center

throw up great quantities of quicksand. Hundreds of loads are said to have

come out of Mr. Ensign's. Wells at Farmer Center are about fifteen feet

deep, with abundance of water. Near Williams Center bog ore is found in

lumps on the inner side of the St. Mary's Ridge. A short distance south of

Williams Center this hard-pan ridge has more the form of shoulders or

terraces in the general surface, there being little or no descent toward
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the west, yet in some places between Farmer Center and Williams

Center it has a marked descent both ways. At the former place there is

a half mile interval between this and the Van Wert Ridge, and the

country is generally somewhat broken. The Van Wert Ridge is easily

discernible at this point in but few places. Between Defiance and

Independence the Maumee River shows two terraces besides the flood-

plain, the height of the bank being about equally divided between them.

,

The upper terrace, or that which furnishes the ascent to the level of the

country, does not accompany this river further than Independence, but

seems to merge into the inner margin of the Blanchard Ridge, and

thence to strike off in opposite directions at right angles from the river,

while a little further east the gravelly Belmore Ridge rises and accom-

panies it toward the north and south. This terraced condition of the

Maumee is not seen at any other place below this point. It is, however,

seen at Fort Wayne, and for a few miles below, where the river crosses

the St. Mary's Ridge. In the same mariner, there the upper bench strikes

away from the river and forms the inner margin of the St. Mary's Ridge.

On the N. E.J section 24, Defiance, in the bank of a little ravine known
as Sulphur Hollow, a section of the Drift was seen, as follows :

No. 1. Sandy loam, forming the surface soil 4 ft.

" 2. Pine, laminated clay :
6"

" 3. Bluish-brown hard-pan, containing gravel, stones, and small

bowlders that are scratched as if glaciated, very hard, and

compact 4"
" 4. Fine sand in distinct, oblique stratification ; seen, about 8"

Total 22 "

Between Defiance and the S. E. \ section 30, in Richland, the surface

is clayey, high, and somewhat gravelly when not covered with lake sand.

For about a mile out from Defiance the soil is quite fine, and is appar-

ently of the nature of the " beeswax soil " already mentioned. The ridge,

in section 28, Richland, is thirty feet high, with a conspicuous descent

into a flat, having the Black Swamp features, in both directions. This

ridge here is considerably enlarged by lake sand, and doubtless lay as a

sand-bar, where waves broke in high winds when the lake had suffi-

ciently retired. This is the Belmore Ridge. There are two ridges of

gravel, each like the Belmore Ridge, running south from the Maumee to-

Ayersville, and further east. About Ayersville they are covered with

sand, and roads cross from one to the other on ridges of sand. This has

given the idea that the divergence is there,, the sand not being distin-

guishable from the gravel. The outer one of these two ridges runs to-
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Leipsic. It constitutes in many places a true gravel ridge, and in

others is made up of hard-pan. In the latter case it is a bench, facing

toward the north and north-east, instead of a ridge,, and forms the con-

tinuance of the upper terrace of the Maumee River noticed between De-

fiance and Independence. To distinguish it from others, it has been

called the inner margin of the Blanchard Ridge. The inner ridge runs

to Belmore. It is constant, and about five to ten feet above the common
surface. It uniformly has a descent in both directions, at least as far

east as New Bavaria.

In following this ridge toward the Maumee from Ayersville, it is found

to be occasionally covered with sand. A very distinct and prominent

sand ridge, on which a road is located, diverges from it, running on to-

ward the river, nearly parallel. The gravel ridge gradually becomes

lower, and when the sand is reached the road forks, one branch going

due north on the section line, and the other following the direction of

the sand, the real ridge having so dwindled as not to control the location

of the road. It was found impossible to trace the Belmore Ridge further

north toward' the Maumee than section 34, Highland, although it re-

appears on the north side of the river. . Near there the main road leaves <

the Belmore Ridge and unites with the outer ridge on the south line of

section 28. The cross-ridge of sand from Ayersville strikes the Belmore

Ridge on section 1, Highland.

Wells and Springs.—In order to investigate the Drift and its phenomena,

considerable information was gathered concerning the common and arte-

sian wells of the county, some of which present very interesting phe-

nomena. There are a great many artesian wells in the county that de-

pend entirely upon the arrangement of the impervious portions of the

Drift for their constant supplies. The water of these wells is of the

best and most wholesome kind. They are most numerous in Farmer,

Mark, Washington, and Hickville townships, on the east side of the

Van Wert Ridge. The facts gathered are shown in the following tabu-

lated Hst of wells. It is not supposed that all of the artesian wells of

the .county are here named. The facts demonstrate the same general

conclusion as in other counties in north-western Ohio, viz., that the con-

fining stratum for these artesian wells is a thickness of "blue clay"

reaching sometimes nearly or quite one hundred feet, and constitutes

•the great bulk of the Drift itself.
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Wells in Defiance County.

93 JO
(

Owner's name. Location. eg L-

*j CD

<U'J3
it

a .

CD o» R
=1

Through what. . Remarks.

C. Williams 10 10 All sandy loam ... Good water, hard.
(t 20 20
» 10 10 a a tt

a
7 7 2 ft. gravel and

sand ; 5 ft. sandy

N. E. J section

it

P. A. Kuntz
16, Noble ... 80 80 Yellow clay and

No water.
A. Ashbacker ...

Sec. 22, Noble...

80?
70

80?
70

it

Calvert Dye a

Brunersburg 20 20 In the bottoms of

Wm. Travis Sec. 20, Noble... 28 28 Clay and gravel ...

Tiffin Creek.
In Maumee bot-
toms.

C. Templeman...
Court-house sq...

tt 40 40 Sulphur.
T> 32 28 ft. blue gravelly

clay, 4 ft. sand... Good water rises

from gravel 15
feet.

John Dietch* Sec. 26, Richl'd 56 56 Hard-pan bottom

;

fine clay on top.. Water in gravel.
Judge A. S. Latty 10 10 8 ft. sand and clay,

Good water in
gravel.

Water stands 3M. Arrowsmith.. Sec. 31, Farmer 93 93
ft. from surf'ce.

N. E. I section

12, Noble : 69 69 (< Good water.
90 7 97 Clay 7 ft.-; sand

and gravel 3 ft.

;

blue clay 80 ft... Water only at 10
ft. Struck the
black slate.

J. Urguhart Sec. 6, Tiffin
(county line)... 78 40 118 Water at 60 feet- Sulphur water on

striking the
black slate.

Williams Center 45 45 Water at 23 feet

and at 45 feet On the ridge.

Good water.
G. H: Tomlinson Williams Center

(on the ridge).. 82 •82 Clay with gravel
18 ft; sand 5 ft;

clay with gravel
15 ft.; clay with
more gravel 40
ft.

;
gravel and

Water at 18 ft., at
38 ft, and at 80
ft. Eises to 15
ft. of top. '

* A half dozen within the circuit of a mile are 56 to 66 feet, water standing 4 to 10
feet of the top.
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Wells—Continued

.

Owner's name. Location.
5 a)

a

« S

Through
what.

Remarks.

G. H. Tomlinson

Benj. Hoffman...

L\ Tomlinson

Henry Dietricht

G. H. Tomlinson

G.H.Tomlinson*

Hugh Mills

Williams Center
(not on ridge)

Williams Center
(on Van Wert
Ridge)

S. W. % section

6, Washington
N. E. I section

1, Farmer

WilliamsCenter
(east side of

ridge)

Williams Center
(just east Van
Wert Ridge)...

Williams Center

Benj. Hoffman...

O. E. Ensign..

Eli Castor ,

Geo. Kerns
J. Fetters
James Gardner.

W. Tomlinson ..

Jacob Rager

N. W. i sec. 17,

Washington ...

Williams Center

Sec. 36, center
Williams Co..,

Sec. 1, Farmer
it

u

Farmer

110

103

62

80

73

78

110

103

62

80

73

78'

No rock .

Blue clay, with
one or two small
beds of sand ....

Blue clay and gra-

vel
North side Van
Wert Ridge ,

10 rods E. of last..

100 rods west of

ridge

In a ravine thro'

the Van Wert
Ridge .'

Surface caved

.

Water in sand ,

No water.

Artesian. •

Artesian.

Gas, visible sev-

eral miles if

lighted. No
water.

Good water in
sand onlv, at

73 ft.

Artesian at 32 ft.

Artesian at 47 ft.

Artesian at 90 ft.

Rises within'8 in.

of surface.

Irony water. Ar-
tesian.

Artesian.
Rises 14 ft. above
the ground.

Artesian.

Artesian,
ravine.

* Three or four others near Mr. Tomlinson's strike gravel at about the same depth
All artesian.
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Wells—Continued.

Owner's name. Location.

CD rP

el

5

1

Through
what.

Remarks.

Elisha Tharp .... Sec. 12, Farmer

Sec. 11, Farmer

18

48

50
77
92
20

106

28
98
48
42
87
86
45

i

18

48

50
77
92
20

106

28
98
48
42
87
86
45

Surface soil 2 ft.

;

brown clay 10
ft.;bhteclayand
stones 6 ft Artesian. Water

a Blue clay and.

from sand.

Artesian.

D. B. Ensign
Brittan & Co

a

West side ridge.

Artesian.Craig Bigelow ...

Hotel .....

Sec. 23, Farmer
Farmer Center..

Sec. 18, Wash-
Good water.

C. T. Gollu
Artesian. Water

W. M. Powell... Sec. 19, Wash-
only at 34 ft.

Aug. Haase a

Georgetown
u

ft

a
it

Artesian at 78 ft.

K
s «

R. McCulloch ... Good water.
Wm. Donnelly... u

MATERIAL RESOURCES.

For common red brick there is plenty of good clay in Defiance county.

The following establishments for its manufacture were noted in the sur-

vey of the county

:

Joseph Chalat, Defiance
v

. Brick.

Trompe, " "

Booth & Aldrieh, " "

Enoch Randall, Farmer Center "

Mr. Fitz Charles, S. W. J section 21, Milford. .'
"

A very hard, dark-blue limestone is burned for quicklime by Andrew

Dilz, N. E. \ section 9, Defiance. Three cords of mixed wood are required

here for calcining, one hundred bushels, at a cost of one dollar and fifty

cents per cord. The lime, which is very strong, and of a gray color,

weighs seventy-two and a half pounds per.bushel, and retails at the kiln

at twenty-five cents. It is said to be somewhat hydraulic. This is the

only lime-kiln in Defiance county.

For building stone Defiance county depends on the Oriskany sandstone

quarried at several places further down the Maumee Eiver, and upon the

Charloe quarry, in Paulding county. The blue limestone of the Au-
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glaize, although exactly the same as that at Sandusky, has not been de-

veloped in north-western Ohio. , It is used in the basement of the new
court-house at Defiance, but was imported from' Sandusky for that pur-

pose. The most of the stone used in this building is from Charloe.

There is also some stone in it from Chicago (not Niagara), used as

keystones in arches. When dressed, this is of a white (more cheerful)

color than the Charloe stone, but on the ground it is light blue, or gray,

streaked with bituminous films. It appears a little impure, or earthy.

The ornamental cut-stone is mostly from Charloe. In the foregoing

pages a number of exposures of the blue limestone favorable for open-

ing valuable quarries in Defiance county have been mentioned. These

occur in the Auglaize, about the mouth of Powell's Creek.

The "Auglaize cement" is manufactured by Mr. E. H. Gleason, S. E. \
section 34, Defiance, from the black slate. This cement has already been

mentioned in the first volume, in giving the geology of Marion county.

Mr. Gleason continues the manufacture. He uses the lowest seventeen

feet of the formation. Immediately below the black slate is a very hard

limestone, struck in a well drilled by Mr. Gleason, but abandoned after

several hours' labor with very little effect. The stone is burned at a red

heat for six or eight hours, when it is ground by steam. The lime has

been used in various ways, and seems to afford very satisfactory results.

The greatest natural wealth of this county lies undoubtedly in the strong

and fertile soil with which th% greater part of it is furnished. There is

also an area of a hundred and seventy-thousand acres of heavy forest,

which supplies material for ship-building and for the manufacture of a

number of domestic articles. Hard-wood logs are floated down the Mau-

mee to Toledo.



REPORT ON SECOND DISTRICT.

BY E. B. ANDREWS. '



Prof. J. S. Newberry, Chief Geologist:

Dear Sir—I herewith transmit to you my report of labors in the Second Geologi-

cal District. The counties within the Coal Measures reported upon are Washington,

Noble, Monroe, and the southern portions of Guernsey and Belmont. My assistant

in 1872 was Mr. W. B. Gilbert, and in 1873 Mr. William Holden. Both of these gen-

tlemen have done most excellent work.

Very truly yours,

E. B. Andrews.
Columbus, October 15, 1874.



CHAPTER L.
i

StJRFACE GEOLOGY.

DRIFT IN THE SECOND GEOLOGICAL DISTRICT.

The Drift in the Second District may be divided into two classes—the

original Drift, composed of bowlders, gravel, etc., often found on high

ground in the north-western part of the district, and the modified valley

Drift, constituting terraces along certain streams.

The first is a part of the general outspread of drift found throughout

all the northern and north-western States, and popularly known as the

Drift. It is found over the whole of the north-western portion of the

Second District, and along the hills bordering the Hocking River, some

distance below Lancaster. Scattered bowlders have been found in the

western part of Vinton county. South of the Ohio River a considerable

area covered with Drift is found near Ashland, Boyd county, Kentucky.

This was first observed by Sidney S. Lyon, of the Kentucky Geological

Survey. Here the Drift is pretty high in the hills, perhaps two hundred

feet above the low water of the Ohio.

The eastern limit of the Drift is a line running nearly north-east and

south-west through Muskingum, Perry, Fairfield, and western edge of Vin-

ton counties. If, however, we take the Kentucky deposit into the account,

the line will be almost a north and south one. A single quartzite bowl-

der was found in Washington county, on a ridge between the Muskingum
River and Duck Creek, about three hundred feet above the former stream.

• This bowlder may have been taken from the valley Drift on the banks

of the Muskingum, and carried to the top of the ridge by human agency.

The bowlders of the general Drift are often found on very high ground,

from two hundred to three hundred feet above the principal valleys. In

some regions they are quite numerous, and very large. In the vicinity

of Lancaster they are found at elevations two hundred and fifty to three

hundred feet above the Hocking River. On the slopes, and near the top

of Mt. Pleasant (an old river hill, with bold cliffs on the western and

northern sides), on the high ground between Lancaster and Rushville,

and on the high lands on the west, which divide the waters of the Hock-

ing and Scioto rivers, large bowlders are abundant. Many are also

found in valleys which contain no modified' or valley Drift. Over the
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whole region they have evidently been dropped in a very miscellaneous

way, as if from floating icebergs.

The largest bowlder seen in the Second District is in a valley about a

mile north-east of Lancaster. It is where it could not have been brought

by any motive force acting in the immediate valley of the Hocking*

High hills lie to the northward. An approximate measurement gave

eighteen feet for its larger and sixteen feet for its smaller diameter.

Smaller bowlders are not uncommon in the neighborhood, and one meas-

uring seven by five feet is seen almost on the top of Mt. Pleasant, or

about two hundred and fifty feet above the large bowlder just referred to,

which lies near the base of the hills. The bowlders of this region show

all the lithological characters of northern bowlders, being granites,

quartzites, etc. Over the more western portion of the Drift area in the

Second District we find more or less gravel on the high grounds, but to-

ward the extreme eastern limit of the Drift no gravel has been observed.

In the Hocking valley, and probably over a very considerable portion

of the Second District, there is found in the low grounds a blue clay in

which bowlders are occasionally seen. This clay is variable in thick-

ness. It is sometimes only two or three feet thick, and, indeed, it is

often not found at all. There is proof that in some places channels were

cut through it, and much of it carried away, after deposition by currents

of water during the Drift era. I have never seen any of this clay upon

the hills within the Drift areas. In this blue clay are remains of ancient

vegetation in the form of trunks, roots, limbs, arid twigs of trees, generally

remarkably well preserved. In some localities nearly every deep well re-

vealed, fragments of such vegetation. The wood is apparently allied to

the cypress of the lower Mississippi valley. It was buried by the mud
,.
brought in by the waters in the earlier portion of the Drift era. In the

valleys of the Second District this Drift clay seldom, if ever, rests upon

the rock bottom, but upon what I suppose to be the old alluvial sands and

clays of the pre-glacial period. Above the Drift clay are the gravel and

bowlders of the modified Drift, or terrace Drift, which were not deposited

until long after the deposition of the Drift clay. We have thus two

features of the original Drift—the gravel and bowlders scattered upon

the higher grounds, and the Drift clay found in the low valleys.

The Valley or Terrace Drift.—This is simply the sand, gravel, and

smaller bowlders brought down the leading valleys and distributed along

the banks in great sand-flats and gravel-bars. The materials in all

cases come from the general Drift, except such as would naturally come

from the valleys and adjacent hill-sides,, and become intermixed with

the rest. In the terraces of the Muskingum valley we find pebbles, of
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coal and of the sandrock of the Coal Measures, all evidently of home

origin. The pebbles of coal could not have traveled far—the materia^

is too soft to endure the friction and rough usage of a long journey.

The Drift terraces are found along the Ohio,, Muskingum, Licking,

Hocking, and Scioto rivers, but on no others in the Second District.

These are the only streams whose sources lie within the area of the general

Drift, and, consequently, the only ones which could obtain the materials

needed for true Drift terraces. These terraces have been more or less

wasted and reduced in height since they were formed, but eighty feet

above the stream is about the elevation of those best preserved. Being

dry and easily drained, they afford desirable locations for the towns and

villages of the present inhabitants, as they did for the Mound-builders,

whose finest works are generally upon them. Zanesville, Marietta, Lan-

caster, Gallipolis, Ironton, Portsmouth, and other towns of less size, are

built wholly or in part on Drift terraces: The Ironton terrace has more

clay mixed with the sand than is usual. The terrace on which a part of

the city of Lancaster is built, the new and beautiful court-house having

a commanding site on the summit, is one of the old Drift gravel banks.

It is from seventy-five to eighty feet above the present bed of the Hocking

River. We have now only a remnant of the original terraee, for the

waters 'have swept around in rear of it, and left only an insular hill in

the broad fertile valley. . On the southern edge of the present hill the

gravel is very coarse. This gravel at some points is found to be cemented

together by carbonate of lime, and a stratum of coarse pudding-stone has

been formed, which is used for rock-work, ferneries, ice-houses, etc.,

where picturesque effects are desired. A similar pudding-stone is found

in a Drift terrace a few miles below Logan.

Marietta is built on a large and beautiful terrace, formed at the conflu-

ence of the Muskingum and Ohio rivers. It is composed of sand and

gravel, the sand in some places fine enough for molders' use. The gravel

is often quite coarse, and contains pebbles of considerable size. In the

south-eastern portion of the terrace, where it is crossed by Putnam street,

there is a well-defined horizontal layer of fine blue clay, which indicates

that at one time the currents of the two streams were of such equal level

and equal force as to form an eddy of still water, from which the fine

clay sediment was deposited.

The terraces at Columbus and vicinity are broader than the usual val-

ley terraces, and constitute a part of a far wider outspread of Drift mate-

rials in the more fiat country to the north The transition from the val-

ley Drift to the- general northern Drift, as it has been distributed and

arranged by water, is almost imperceptible. Perhaps the same aqueous
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action which carried southward Drift materials and left them in terraces

along the streams, modified to some extent the old'Drift, giving it a some-

what terraced character.'

There is in the Second District another and very distinct system of

terraces found on streams emptying into the larger streams bordered by

true Drift terraces. They may be called back-water terraces. When in

the Ohio, Muskingum, Hocking, etc., rivers, the water in the Drift era stood

eighty or ninety feet higher than at present, the back-water would set

back up all the tributaries. In this still water the sand and sediment

brought down these tributaries were depoisted, or, in other words, the still-

water areas were silted up, as mill-ponds often are. When afterward the

main streams gradually fell to their present level, these affluents cut

through the back-water beds and carried away much of the soft materials,

but left in many places fringing terraces, which tell very plainly how they

were formed. In these back-water terraces we find no true Drift sand and

gravel. The beds are entirely of home origin. Such terraces I have seen

on the Little Scioto River, above its junction with the Ohio at Scioto-

ville, on Duck Creek, and on the Little Muskingum Eiver, in Washing-

ton county, and on Sunday Creek, in Athens county. I have no doubt

they are to be found on a large number of streams.

When we carry back the study of our surface geology to the period

immediately antecedent to the Drift, we find that all the leading valleys

had been eroded by the same system of surface drainage which now ex-

ists. The general surface features of the whole State were the same as

now. The Scioto, Hocking, and Licking rivers drain by their upper
' waters much of the central and level portions of the State, a region now

thickly covered with a mantle of Drift materials. They drained the

same area before the era of the Drift. The Drift agencies could not have

planed down or essentially modified this upper flat country to any appre-

ciable extent—they merely covered it with debris. The same reason-

ing applies to the northern slope of the State. The Cuyahoga River, for

example, had, as shown by Dr. Newberry in Vol. I., in his report on Cuya-

hoga county, eroded a very deep channel, which was subsequently filled

with Drift. This stream flowed northward into a deep valley now occu-

pied by Lake Erie and by the Drift clays which form its bed. Similar val-

leys and channels of streams emptying into the Lake were doubtless filled

by the Drift. These facts furnished by Dr. Newberry tend to show that

the surface features of the State were essentially the same before the Drift

era as now. The clays, gravel, and bowlders of that period were laid

down upon a surface already brought into its present form and contour

by agencies at work during an indefinite period antecedent to the Drift



SURFACE GEOLOGY. 445

era. So far as I have observed, the work done by the Drift agency itself

in sculpturing the rock surfaces of Ohio has been almost infinitessimally

small. With the valley of the Ohio River and its tributaries on the

southern slope of the State before tne Drift era as now, and with the

great northern depression, or valley, now filled by Lake Erie, and the

streams draining the northern slope into it as now, there was little for

the Drift forces to do except to scatter over an old surface its various ma-

terials of clays, bowlders, etc. Doubtless wherever there were rock sur-

faces exposed, these forces, whatever they may have been, 'acted as a file

or sand-paper upon wood, already carved, to smooth down many of the

minor asperities, and the tool-marks remain at various points on the

smoothed or striated rocks.

The larger streams in the Second District had at some time antecedent

to the Drift era large portions of their beds deeper than now, as shown

by wells and borings. They had at no time beds -of uniform depth and

slope, the softer rock strata over which they flowed being more readily

eroded than the harder. From this cause there would be formed pools

separated by ripples or waterfalls. The ancient pools are now filled with

alluvial materials, excepting where we find the Drift clay, and the latter,

so far as I have observed, seldom, if ever, rests directly upon the bed-rock,

but upon sand or gravel. The harder, rocks were ' where the ancient

rapids or falls are now sometimes seen, and constitute the present bed-

rock of the streams. The Ohio River now flows upon a solid rock floor

at Letart Falls', in Meigs county, and such bed-rocks are reported by the

United States engineers, who have carefully investigated the Ohio River

with reference to the improvement of its navigation. Similar rock beds

are found in the Muskingum and Hocking rivers. The following facts

have been obtained through the courtesy of E W. Sprague, Esq., of Low-

ell, Washington county, who was connected with the construction of the'

slack-water improvement of the Muskingum River : "At Marietta, at

the east end of the dam, the solid rock was found twenty-four feet below

the low-water mark, but no rock at all was found under the western two-

thirds of the dam. A.t Devol's the dam is built on ' red soap-stone,' no

harder rock appearing, except near the lock at the east end." This soap-

stone is a"eommon red clay shale found- in the upper Coal Measures. At

Lowell the dam is "on rock, but when we go above or below, the rock

disappears on one side of the river or the other." At Beverly "the dam
at the east end is built on rock, but at the west end no rock is found to

the depth of sixty feet." " At Luke Chute the lock and east end of dam
are built on rock, but at the west end no rock is found to the depth of

eighty feet." " At Windsor the dam is built on soap-stone bottom, no
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rock (i. e., hard rock) appearing, except near the lock." At McConnels-

ville the dam is built upon a " soft, shelly rock.". At Rokeby " no rock

was found, and the dam is built upon a sand foundation. At Taylors-

ville the dam is built upon the bed-rock of the river. At Zanesville the

dam is upon the bed-rock. At Symmes Creek the dam and lock are on
soap-stone at .the'- east end, but no rock was found at the west end within

a depth of sixty feet."

The Muskingum and Licking rivers, at their junction at Zanesville,

flow upon the hard, stratified rocks, the most important of which is a fos-

siliferous limestone. Under Putnam Hill we see the rock strata extend-

ing beneath the water. About a half a mile below, on the east side of-

the Muskingum, we find the stratified rocks also extending out under

the river. It is, however, quite possible that the Licking once had a

deeper channel east of the present one, and united with the Muskingum
much higher up the latter stream, and from that point the united

streams flowed under the present site of the city, coming into the exist-

ing channel down toward the lower lock on the canal. If this were so,

the Drift gravel choked up this old channel, and both streams flow now
upon the marginal rock platform which was once the western shore.

The falls of the Hocking, at Logan, are in a Bard conglomerate—the

top of the Waverly conglomerate—while east of the falls the alluvial

sands extend down lower than the surface of the rock at the falls. At

these falls there are many pot-holes. In a mining shaft sixty feet deep, a

mile or two above Salina, in the immediate valley of the Hocking, the

usually heavy sandrock over the coal was found to be eroded, leaving

only a very few feet of it, and in a drift-way from the bottom of the

shaft a pot-hole extending through the sandrock into the coal seam was

struck. In the explorations considerable quantities of buried wood were

found. The erosion of the rock and the pot-hole would indicate that in

the pre-glacial time there had been at this point falls or rapids. The

shaft revealed nothing but alluvium in penetrating to the sandrock, no

true Drift materials being found. In a 'well near this shaft the lower

jaw of a mammoth was found sixteen feet below the surface. Before the

Drift, we may reasonably believe that the larger streams of south-eastern

Ohio showed exactly the same inequality in their beds that would natu-

rally be made by streams of considerable current passing over strata of

unequal hardness, and exactly such as has been made by the Kanawha
and other streams in similar geological formations south of the Ohio, in

West Virginia, and beyond the region of the Drift. There were ledges

of hard strata crossing the channels and making falls and rapids, while

below were pools of varying depth, partially filled with sand and mud.
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This I suppose to be the law of erosion in rocks of unequal hardness, and
has innumerable illustrations.

Any elevation of the continent would not tend to change this law,

although such elevation is required for the explanation of the erosion of

channels and of bays now below the level of the sea. But inland, and in

regions so high that the streams could not be affected by any back or

dead-water, the drainage has always been the same as now. The erosion

of the pools in the softer rocks would, after a time, reach its maximum,
and the pools would gradually fill up with sand and mud, and then the

chief erosion would be on the hard strata of the intervening ledges, re-

ducing them slowly to the common level of the bed of the stream, to be

covered in time with alluvial materials. In our larger streams only a

few of the old rock barriers are how to be seen, but there are doubtless

large numbers which are covered with only a few feet of sand or mud.
The work of erosion in southern Ohio has been going on ever since the

Carboniferous era, and it has been, consequently, very great. Standing

on the summit of one of our high hills, we may look for miles across in-

tervening valleys to some distant knob, and realize that by the slow pro-

cess of surface drainage the rock strata which once connected the two
points have been removed. The tops of anticlinals, such as the Newell's

Run uplift in Washington county, have also been removed by the same
slow agencies. A few miles south of the Ohio River, in West Virginia,

the continuation of the Newell's Run anticlinal ridge was once a narrow
mountain a thousand feet high above the present streams: It has been

eroded away, leaving hills no higher than the others in the neighborhood,

and these are intersected in all directions by valleys.

In these ancient valleys of southern Ohio, and doubtless over the hills

as well, there was a growth of vegetation, and trunks and branches of

trees indicate a forest growth. These remains are found both in the

alluvial materials at very considerable depths, and also in the blue clays

of the Drift. It is, however, improbable that these valleys were ever

occupied by moving glaciers, for such glaciers Would entirely sweep
away all the local vegetation. The short, sharp curves of many of these

valleys would apparently entirely prevent any glacial motion in such

deep and crooked river beds. In the subsidence by which the land was
lowered so that the waters could bring in and deposit as sediment the

blue clays, the overthrow and burial of the old forest trees of the valleys

took place. This was the first work of the Drift period, as recorded in

south-eastern Ohio. These waters were connected with a great northern

subsidence, and in the waters of this sea was floating northern ice, from

which bowlders were dropped into the same mud, which buried the old
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vegetation. The Drift gravel terraces which often overlie the blue clays

were
'
formed long afterwards. The subsidence increased so that the

waters in the Second District were several hundred feet—probably not less

than five hundred feet—above the present.level of Lake Erie, as shown by
the heights of the bowlders on the hills. A few facts would indicate a

somewhat deeper submergence than this. There is no proof that at any
time was there in the Second District any great continuous sheet of

glacier ice. There is no general planing off of the rocks, but every

where among the hills where the northern bowlders are most abundant,

are projecting knobs or outliers of soft rocks, which would naturally be

an easy prey to such a destructive force as would be exerted by the

movement ef a vast glacier. Fine exhibitions of such outlying knobs

and cliffs of soft sandstone rock are seen on the high table-land west of

Lancaster dividing the waters of the Hocking and Scioto rivers. The
Drift sea was around these small knobs, for all about are Drift bowlders

and gravel. The small knobs could not have survived the abrading

power of a' great glacial sheet moving on irresistibly from the north.

At the time of the greatest submergence, all, or very nearly all, of the

Second District was below the water, and at ,that time no local glaciers

were possible ; but such glaciers would be possible both during the

progress of the subsidence and that of the emergence. I have, however,

found no strite upon any rock surfaces in the Second District. These,

however, if made, would hardly remain in the soft rocks of the Waverly

or of the Coal Measures, which are readily disintegrated under atmos-

pheric influences. If found, however, they might have been made by

the ice-rafts where they ground along the bottom or impinged against the

slopes of the hills, or by the movements of shore ice. Pres. Orton reports

such glacial strise in the high lands west of the Scioto, in- Highland

county, which he considers the work of a great continuous northern.

glacier. The great current in which the great ice-rafts floated appears

to have moved in a southerly direction a little west of south, the eastern

limit being in the western part of Muskingum county, and Ashland, on

the Ohio River. East of this general line I have found but a single

bowlder on high ground, that in Washington county. This line was not

the eastern limit of the water, but the limit of the floating ice.

The Drift phenomena of the Second District connect themselves, with-

out any perceptible change, with those of the great general Drift of the

North. There is nothing wanting except striation of surface rocks, and

these may have once existed. Local glaciers on the highest unsubmergpd

lands, the moving ice-rafts, and doubtless vast quantities of shore ice,

may well explain the striae and their varying directions. The Drift
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period was of immense duration, and the great northern currents, with

their floating icebergs, with loads of debris from northern regions, would

in time be able to cover tbe bottom of the shallow sea with the materials

we now find, and arranged as we now find them. All geologists agree

in the belief in a submergence of the land, the only difference of opinion

being in regard to the question whether prior to such submergence there

had been spread over the whole North a vast and continuous glacier. To

such a vast continental glacier is attributed by some the mighty work

of giving shape and configuration to all the surface within its range,

reducing mountains and hills to plains, and digging out the basins of

lakes sometimes to depths even below the level of the ocean. We
have already seen that in the Second District there is no evidence that

the pre-glacial or ante-drift surface was essentially different from what

it now is. If there were a climate so arctic in character as to allow of

the extension of a sheet of ice immensely thick almost to the Ohio River,

we should expect that the same cold climate would necessitate glaciation

in the AlleglanyMountains but a short distance south of the Ohio, where

no traces of glaciers have been found. The average altitude of the Alle-

ghany range is 3,000 feet. If, on the other hand, the cold were produced

by marine currents coming down from the arctic region, it would have

the sharp limitations characteristic of such currents at the present day.

It is doubted by many geologists of high Authority whether we have,

even in Greenland and in the antarctic regions, any thing now corre-

sponding to such a widely-extending glacier. There- are glaciers in these

polar regions occupying the valleys sloping to the sea, but not one uni-

versal glacier. If this is true, there is no analogy for such a vast glacier

as is claimed, except such as may be found in local glaciers like those of

the Alps, and such local glaciers are freely admitted to have existed on

the higher grounds adjacent to the icy northern currents.

If, again, the cold were so great and so wide-spread as the whole gla-

ciation of so large a part of the northern continent would call for, whence

the heat for evaporating the moisture to be condensed by the cold into

the snow and ice of the great glacial mantle ? Prof. Tyndall has forcibly

suggested this difficulty.

Again, what force or vis a tergo could have been exerted to impel the vast

glacier across the great valley of the lakes, and up and over the high ground

to the south ? In all recorded movements of glaciers the ice is carried down

slopes, so that gravity, if not positively aiding, could not retard the move-

ment. If a glacial sheet extended into southern Ohio, it must have passed

over the vast distance from the high lands (now reported to be only 1,500

29
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feet high, which is not as high as the highest lands of the Ohio water-

shed, as reported by Dr. Newberry) between the lakes and Hudson's Bay,

across a general depression, in which lie the lakes, and up over the water-

shed dividing the waters of the lakes and the Ohio River. The Duke of

Argyll, President of the Geological Society of London, has well said in

his recent annual address :
"We know that the descent of a glacier, even

down the steejp declivities of Mont Blanc, is retarded by such an enor-

mous amount of friction that the coherence of its substance is overcome

;

the base of it is, as it were, torn from its superincumbent mass, and the

progress of the base is reduced to one-half of the rate at which the sur-

face moves. "We know that this is the result in a case where the force

of gravity is at its maximum, and none of its momentum has been lost.

We know, also, that in no part of the existing world is the phenome-

non presented of ice streams moving for great distances even over level

ground, still less ascending steep gradients, and this, too, at a great dis-

tance from the declivities which give impetus to forward motion. * * ' *

I can not help thinking that there is a fundamental fallacy in compar-

ing the movement of ice masses down the slopes of a mountain with any

movement of such masses which is possible on level ground or against

opposing slopes. In the one case gravity is an assisting, in the other

case it is a resisting, force. In the one case, the heavier the mass of ice

the easier and faster will be its motion ; in the other case, every addi-

tional ton must add to the difficulty of effecting movement. In the one

case, thrust and gravity act together ; in the other case, thrust must act

alone, with gravity and friction to counteract it. * * *•* It would

be altogether illogical to suppose that because these molecular changes

(by variations of temperature acting on the molecular structure of the

. ice) are able to overcome friction when they are powerfully assisted by

the gravity of the mass lying on a steep slope, therefore they are equally

able to overcome friction with no such assistance from gravity, but, on

the contrary, with gravity exerting all its force in favor of rest and

against motion of any kind."

In Canada and along the old sea margin, as at Portland, Maine, the

Drift clays contain marine shells of existing arctie forms. Principal

Dawson, of Montreal, who has studied the Drift phenomena of Canada

with rare ability and painstaking, has enumerated from the Drift, of

plants, 10 species; radiata, 24; mollusoa, 140; articulata, 26; and verte-

brata, chiefly fishes, 5. In the West no marine forms, so far as I know,

have been found in our Drift clays, but I doubt whether the search has

been sufficiently extensive and minute. Plants, however, are not un-

common. The living marine forms dredged from the depths of Lake
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Superior indicate that at one time the lakes may have been filled with

salt water from the arctic regions.

The terraced valley Drift is knnwn to extend far down the Ohio River.

Profs. E. W. Hilgard and F. V.
;
Hopkins| in their geological researches

in the lower Mississippi valley, find in the Orange sand a wide out-spread

of gravel, pebbles, and occasionally small bowlders, which they connect

with the Drift of the northern States. Prof. Hopkins quotes the fact

of the elevation at which bowlders were found on high lands in the

Second Geological District of Ohio, as reported in the Report for 1869, as

showing that if these bowlders were transported by floating ice-rafts, as

he believed, and not by a vast, continuous northern glacier, the whole

district of the lower Mississippi was submerged in the Drift era, and by
these submerging waters the Drift materials he finds in the South could

readily have been transported. He gives a table of the elevations of the

higher lands in the path of such a great southern current to prove

that such high lands have all been beneath the water, and so were not

insuperable barriers to such a current. /

Prof. Hilgard writes t " The gravel is composed of northern rocks dis-

posed in belts, of which one occupies the main axis of the embayment,
while others mark outlets now closed ; and the extensive denudation and
violent plowing up of the more ancient formations clearly prove the

occurrence of an immense flow of waters southward, which, in the main
channels, moved pebbles of many pounds weight, while between them
the deposition of the finer materials took place in the more quiet waters..

That these events were not of a local character, that, on the contrary,

the phenomena observed in the southern States are but the necessary

consequences and complements of the Drift phenomena of the North,

hardly requires discussion; but it is time that these facts were more gen-

erally understood and taken into the account by American geologists,

and that the Ohio should cease to be proclaimed as the southern limit of

the Drift."

Westward of the State of Ohio the Drift is found in most of the west-

ern States. The State of Iowa I have crossed on four different east and
west lines of railroad, and examined a large number of railroad cuts,

and every where I find evidences of Drift deposited and arranged by the

action of currents of water. Similar Drift phenomena appear under the

"Bluff" formation in the north-western part of Missouri, as reported by
Prof. GL C. Broadhead in the recent report of the geological survey of

that State. These many facts attest the submergence of a vast area, and
doubtless for a vast period of time, during which the bowlders and for-

eign rocks were brought in, and the bottom of the comparatively shallow
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sea was subject to such changes as currents and grounding ice would

naturally produce. Further north, in higher latitudes of the continent,

there were doubtless many glaciers, and these may have moved in the

same channels for such long periods of time as to have performed a very

considerable work of erosion in deep furrows and striae.



CHAPTER LI.

REPORT ON THE GEOLOGY OP WASHINGTON COUNTY.

This county is situated upon the Ohio River, the river constituting, its

southern and eastern boundary. It is bounded on the north by the coun-
ties of Monroe, Noble, and Morgan, and on the west by Morgan and
Athens. It is divided into two proximately equal parts by the Mus-
kingum River, which, entering the county in -the north-west corner,

flows, with many windings, in a general south-east direction, and enters

the Ohio at Marietta.

The length of the Ohio River along the southern and eastern border of

Washington county is very nearly fifty-four miles. In this distance the

stream falls thirty-two feet, giving an average fall of about seven inches

per mile. But this fall is not evenly distributed through the whole dis-

tance, for the river consists of a series of alternating pools and shallows,

and in the latter the chief fall is found. According to the Government
surveys, there are in the aggregate about twenty-four miles of pools, in

which Jhe water is seven feet or more deep. The remaining thirty miles

are made up of comparative shallows and ripples.

It appears to be the law of all streams of much length to form for

themselves an uneven bed. This would be so if flowing upon rock beds,

if the strata were of unequal hardness ; and this is always the case when
flowing in alluvial beds. To change the natural character of the cur-

rent of the Ohio so as to give a proximate uniformity of depth in low-

water seasons, is a problem of the highest importance to the commercial
interests of the West.

s

The elevation of the Ohio above tide-water at the upper end of the

county, one and one-fourth miles above Matamoras, is 588.3 feet, and the

elevation where the river leaves the county at the lowest point of Belpre

is 556.3 feet. If we take the survey for the New York and Erie Canal,

the elevation of Lake Erie is 565 feet above tide-water. This determina-

tion may properly be preferred over railroad surveys, since, generally;

surveys for canals are made with more minute accuracy than railroad

surveys.

The point on the Ohio where the elevation is 565 feet above tide-
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water, or at the exact level of Lake Erie, is 2.9 miles above the mouth of

Little Kanawha at Parkersburg. The surveys of the New York and

Erie Kailroad make the elevation of Lake Erie 569 feet, or four feet

higher. How this discrepancy is to be explained I do not know, but the

results of the earlier survey are, I think, generally accepted. Prof. Ar-

nold Guyot gives 565 feet as the elevation, and Col. Chas. Whittlesey, of

Cleveland, who has carefully collected the various surveys, gives the

same. Col. Chas. Ellet—probably taking his data from the surveys of

the Muskingum River Improvement and of the Ohio canals—gives the

elevation of the mouth of the Muskingum above tide-water as 571 feet,

while the Government surveys of the Ohio River give it as 569.821 feet,

a difference of 1.179 feet. If we accept the figures of the Government
survey, and, also, 565 feet as the elevation of the Lake, then the mouth
of the Muskingum is 4.821 feet above the level of the Lake.

^ The surface drainage of the county is very complete. The principal

affluents of the Ohio within the county besides the Muskingum are the

Little Muskingum River, ,Duck Creek, and the Little Hocking Rivet.

Wolf Creek, which drains a considerable area in the north-west part of

the county, is a tributary of the Muskingum, and empties into the latter

a little above Beverly.

The drainage system of the county presents some very interesting facts.

The Ohio River, Little Muskingum, Duck Creek, and the Muskingum
all converge toward a common center, the last three uniting with the

former in Marietta township. The Ohio, which flows in a channel

nearly parallel with the Little Muskingum, is deflected north-westerly

by the West Virginia hills, and meets the other streams, mentioned.

The slopes of nearly half a circle find their lowest point at a common
centre in Marietta township.

The Little Muskingum drains the south-western part of Monroe county,

and entering Washington county near the north-east corner of Ludlow

township, flows through Ludlow, Independence, Lawrence, Newport,

and Marietta townships to the Ohio. Its branches also drain portions of

Jolly and Grandview townships. All of Liberty township, except the

north-west corner, is drained by Fifteen-Mile Creek, a branch coming in

from the north. Duck Creek flows nearly
r
south through Washington

county, and drains a comparatively limited area lying in Aurelius, (3a-

lem, Fearing, and Marietta townships. The Pawpaw branch extends

into the north-west corner of Liberty, and Whipple's Run rises in Fear,

ing. There is within the county no western tributary of Duck Creek of

any considerable size, the watershed or dividing ridge between the Duck
Creek and the Muskingum being generally very near the former stream.
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The northern tributaries of the Muskingum within the county are all

small. Bear Creek, Cat's Creek, and Big Run are the chief, and drain

Adams and the western part of Salem township. On the western and

southern side of the Muskingum its principal tributaries are two—Rain-

bow Creek and Wolf Creek; the former flowing eastward, and entering

the Muskingum in Muskingum township, and the latter, with its several

branches, flowing northward, and draining Watertown, Palmer, Wesley,

and the northern portions of Fairfield,, Barlow, and Warren, and small

parts of some other adjacent townships. The slope drained by the

waters of Wolf Creek, in this county,~is proximately a north-western one,

and directly opposite the general slope of southern Ohio.

In the south-western part of the county is the Little Hocking River,

the east branch of which rises in the southern part of Warren, just back

of the Ohio River hills, and flows south-westeriy through Dunham and

Belpre, to unite with the west branch iii the extreme western part of

the latter township. The west branch drains the southern part of Fair-

field and Decatur, flowing in a general south-easterly direction toward

the Ohio River.

Thus it will be seen that the county presents a great variety of surface

slopes. In the eastern half of the county the slope is south-western and

southern, while in the western, i. e., west of the Muskingum, it is chiefly

northern and south-western. While the general drainage of south-east-

ern Ohio is to the south-east, the large streams, like the Muskingum and

Hocking, flowing in a direction proximately at right angles to the direc-

tion of the Ohio, yet in Washington county we have almost every var

riety of direction.

What originally determined the flow of streams in these different di-

rections it is impossible now to determine. In some parts of the State

the dip of the strata determines the direction of drainage, but this can

not be the case to any large extent in Washington comity.

East of the Muskingum River the rocks show many undulations of

dip, with some well-marked uplifts, such as those on Newell's Run and

Cow Run ; but these original elevations have not served to deflect the di-

rection of streams. Cow Run has cut its valley directly through the

Cow Run uplift from east to west, and Newell's Run has singularly

enough eroded its valley longitudinally in the very axis of the Newell's

Run uplift. Similar facts appear in West Virginia, where, in the south-

ern continuation of the Newell's Run uplift, the erosion has removed

many hundreds of feet from the top of the anticlinal, and the present

streams cut through it in all direetions.

If it is remembered that the area now constituting Washington county
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has been high and dry land ever since its Carboniferous era, excepting a

temporary submergence in the Quaternary period, it will be seen that

there has been time enough for the removal of the ^summits of all the

anticlinal ridges by the simple action of such eroding agencies as are

now at work degrading the hills. It is true that the direction of streams

is, for limited distances, determined by the character of the strata of

rocks in which they flow, the softer strata yielding a passage, while the

harder resist. This will explain many of the crooked ways of our

streams, which would be otherwise utterly inexplicable. But this

cause could not have determined the general direction of the streams in

Washington county.

Soil.—The immediate valleys of the Ohio and Muskingum are very

rich and productive, and equal in fertility to any lands in the State.

There are in the county about fifty-four miles in length along the Ohio

River, and about . thirty-two miles along the Muskingum. This county

has, therefore, a large aggregate area of the finest alluvial soil. In these

valleys alone we find the sandy Drift terraces, which are generally at an

elevation of from seventy to eighty feet above the streams. While the

soil of the terraces is not so rich as that of the lower alluvial ground, it

is, nevertheless, generally fertile, and being a warm and early soil and

easily cultivated, it is the favorite one for many crops. There is in the

gravel and among the pebbles of these terraces a considerable quantity

of limestone, which adds greatly to the fertility.
N
The valleys of Duck

Creek and Little Muskingum are generally much narrower, and show no

Drift terraces. The alluvial soil in these valleys is composed of sedi-

mentary materials derived from the Carboniferous strata of this county

and of Noble and Monroe. From the nature of the strata, we should not

expect, as a rule, a soil as rich as in the longer valleys of the Ohio and

Muskingum, where there is a larger variety of soil-producing materials

in the strata traversed, and especially more of limestone. The soil on

the hills and hill-sides in the county is determined in quality by the

nature of the strata composing the hills. It is richest where there is an

abundance of limestone, and poorest when derived from disintegrated

sandstone. In some cases I have found strata of highly soluble lime-

stone of great fertilizing value situated half way up the hill-sides, while

above are sandrocks and sandy shales. Yet the more sterile sandstone

soil is often cultivated and the rich limestone soil neglected. It has

been estimated that the alluvial valley of the Muskingum is three-

fourths of a mile wide. If so, there would be 15,360 acres' of land in the

immediate valley. If we estimate the average width in both bottom

and terrace land of the north bank of the Ohio at one-half mile, we have
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17,280 acres, and a total in the two valleys within the limits of Wash-

ington county of 32,640 acres. The largest deposits of limestone strata

are perhaps those found along Wolf Creek, but they are so low in the

valley—indeed, often in the bed of the stream—that they produce little

fertilizing effect. In Adams, Sajem, and Liberty townships there are

valuable deposits of highly soluble limestone, which are of the utmost

agricultural importance, and give to many farms a rich and almost self-

perpetuating soil. Such limestones are not altogether wanting in sev-

eral other townships, but are most abundant in the townships named.

The smoothest lands in the county, and those most attractive to the eye,

excepting the more immediate river valleys, are found on the slope

drained by the branches of Wolf Creeks, in the townships of Barlow,

Watertown, Palmer, etc. They are not, perhaps, the richest, for there.is

a deficiency in limestone ; but they lie beautifully, and in their gentle

undulations and gradual slopes are in marked contrast with the abrupt

hills so common in other parts of the county. Taken as a whole, the

soil of Washington county is in quality above the average of that of the

counties of southern, Ohio. Even its most rough and forbidding hills

have, by the frugal and industrious German population, been rendered

productive and attractive.

General Geological Features.—The county lies wholly within the Coal

Measures, and in the upper portion of the series. There are no other

geological formations represented within the county, if we except the

surface materials which constitute the Drift terraces of the Muskingum
and Ohio valleys, which are of Quaternary age. There is in Barlow, on

the northern slope of the Wolf Creek waters, the probable evidence of

an ancient lake bed, which. is also, doubtless, Quaternary in age. The

Drift terraces constitute a uniform series of ancient gravel banks and

sand bars, formed at a time when the Ohio and Muskingum Rivers were

at a far higher stage than now. The materials of these terraces were

brought from the north, from areas once covered by large deposits of

sand, gravel, bowlders, etc. Duck Creek and Little Muskingum are not

sufficiently far north to reach these Drift areas, and, consequently, no true

Drift terraces are found upon them. On the Little Muskingum and

Duck Creek I have noticed some terraced banks, but they show none of

the extra-limital materials found in the Drift terraces, and were made

by the deposit of the proper river sands where the current of these

streams met the back-water of the Ohio, at the time when the waters of

the latter were probably eighty or one hundred feet higher than now.

In the Drift gravel in the Ohio and Muskingum terraces-we find a great
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variety of pebbles and small bowlders, very interesting in their litho-

logical and palteontological characters. In addition to granites, quartz-

ites, and greenstones, and all forms of the harder rocks found north of

the lakes, we have the fossils of all the fossiliferous strata lying to the

north. These are found best preserved when imbedded in eherty lime-

stone. "With time and patience, one could obtain in these Drift gravel

banks a very good cabinet of minerals and fossils. It is not uncommon
to find considerable accumulations of rounded pebbles of bituminous

coal and small bowlders of our Coal Measure sandrocks. Bowlders of

the Waverly sandstone and of the Corniferous limestone are very com-

mon. Away from the Drift terraces I have never found in Washington
county but a single Drift bowlder, and this I picked up on the high di-

vide between the Muskingum and Duck Creek, about three hundred
fee.t above these streams. There is a possibility that it may have been

carried up from the banks of the Muskingum by human agency. If

not thus, brought, it was doubtless dropped from floating ice at a time

of submergence, when at other points in the State large numbers of

Drift bowlders were dropped on higher ground than this.

Passing from the Drift and surface geology, we find the stratified rocks

of the county all belonging to the Coal Measure formation, it is common
to divide our Ohio Coal Measures into two divisions, Upper and Lower,

the dividing line being that of the Pittsburgh seam of coal. But the

Pittsburgh and Wheeling seams are the same, according to the Pennsylr

vania geologists, and I have, by careful tracing through the several coun.-

ties, identified the Pomeroy and Wheeling seams as the same. If, there-

fore, the Pomeroy seam be taken as the base of the Upper Coal Measures,

nearly all of Washington county lies in the upper series. The Pomeroy

seam is found in large development west of the Washington county line

on Federal Creek and its branches in Rome, Berne, and Ames townships,

and in Marion and Homer townships, in Morgan county. But the seam
dips to the eastward, and is not seen any where in the west half of Wash-
ington county. But in the undulations and uplifts in the eastern part of

the county it appears on Duck Creek and Little Muskingum, and in the

Newell's Run uplift in Newport township. The most extensive seam of

coal in the county is the one found eighty-five to one hundred feet above

the Pomeroy seam, which has a wide range in Adams, Aurelius, Salem,

Liberty, Fearing, Lawrence, Newport, etc. This is the upper Salem coal,

or the " sandstone seam," so called from the fact that in Salem it gener-

ally lies under a heavy sandrock. It is generally of sufficient thickness

for profitable mining, and is of good quality. There is a seam of coal
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about one hundred feet higher in the series, found in many parts of the

county, which is generally thin, hut serving a purpose for local use. - It

is seldom sufficiently thick to warrant extensive mining. There is in

Washington county an adequate supply of coal. It only needs the proper

facilities for distribution. Unfortunately, all the seams of coal in the

hills bordering the Ohio River are thin. The Pomeroy and the one

about ninety feet above it are brought up in the Newell's Run uplift,

but- are too thin near the Ohio River for extensive and profitable mining.

Upon the Muskingum the Coal Run seam, which is the one above the

Pomeroy seam, is in fair development. When mined with' discrimina-

tion, the better coal of the seam is of very fair quality and suitable for

all general uses. This coal meets a want on the river which could not

otherwise be well supplied. A large supply of coal may be obtained

above Lowell, on the waters of Cat's Creek and Big Run. The Cat's

Creek seam extends through the hills, and is found well developed on

the head waters of Bear Creek, a stream which enters the Muskingum
a mile below Lowell. All these locations of coal will be noticed more in

detail in the reports on the different townships.

Iron ores have been found only in limited extent in the county, seldom

in quantity to warrant mining. The traditional mines of lead and sil-

ver ores are every where, although I could never find them, and never

saw any body who had found them. The poor Indian, who never used

either of these metals until he obtained them from the white man, is

generally charged with the working of these mines.

Salt, in the form of rich brines, may be found in many parts of the

county by sufficiently deep boring. Many oil wells have struck ample

supplies of brine.

Petroleum is found in considerable quantity in several townships east

of the Muskingum.

DECATUR TOWNSHIP.

This township is in the western part of the county, and adjoins the

Athens county line. It is drained chiefly by the west branch of Little

Hocking River, excepting the north-western corner, which is drained by

the heads of Big Run, a branch of Federal Creek. The township is

hilly, but the soil is of fair quality.

In order to understand the geology of this township, it may be Well to

enter it on the north-west by the way of the valley of Big Run, for the

Marietta and Cincinnati Railroad is located in this valley, and the rail-

road cuts will greatly aid us. At Big Run Station, in Rome township,

Athens county, the Pomeroy seam of coal is below the level of the stream,
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where it was once reached by a shaft near the station-house. The seam

of coal about ninety to one hundred feet above the Pomeroy seam is there

seen in the side hill forty-six feet above the railroad track. This seam

is about four feet thick, but, unfortunately, contains near the middle a

stratum of fire-clay from a foot and a half to two feet thick. At Philip

Totnan's, section 12, there are four feet six inches of coal, exclusive of the

clay. Following the railroad east, we find this seam of coal about three

feet above the level of the track. As this point is not far from the county

line, we may here begin an examination of the strata seen as we ascend

the railroad grade to Cutler Station. Bringing the separate portions into

one section, it is as follows, in the descending order

:

It. lii.

1. Coarse sandstone, in part conglomerate, forming ledges 30

2. Coal and slate in cut at Cutler Station Q 6

3. Shale, containing coal plants, Cutler Station 5

4. Sandrock 6

5. Shale 8

6. Sandrock 20

7. Shale 6

8. Coal 6

9. Clay .' 2

10. Coal i 3 •

11. Clay 1 6

12. Blue limestone 1

13. Clay shale 8

14. Sandstone 2

15. Clay shale .' 3

16. Not seen 30

17. Sandstone 11

18. Shale 7

19. Limestone : 1

20. Shales, chiefly .' 13

21. Sandstone, quarried .' 27

22. Coal, upper Big Bun seam (not measured).

Railroad track.

It is possible that the limits- of Decatur township may extend far

enough west to take in the lowest coal of the above section, but it will

necessarily be in or near the bed of Big Eun. Where seen along the

railroad, the coal seam No. 8 of the above section is very thin. This is

the Hobson coal, of Wesley township, where the seam is worked. On
the land of John Storts, section 17, a geological section was taken, which

revealed about one hundred and thirty feet of strata, extending from a
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little below the level of the railroad to the bed of a branch of the Little

Hocking. The section is as follows :

Ft. In.

1. Heavy sandstone and conglomerate 50

2. Laminated sandstone and shales 40

3. Coal 8

4. Slate 2

5. Coal (Hobson seam) 10

6. Slate " " . 3

7. Coal " " 1 6

8. TJnderclay, and not seen 15

9. Laminated sandstone '20

10. Limestone 4

(See Map XI., No. 5.)

The limestone of the above section does not appear on Mr. gtorts's

land, but a mile down the creek. The coal of this section is worked at

various places in a small way. On Mr. Burnett's land, north of Mr.

Storts's, the coal is. mined and found to be about the same as at Mr.

Storts's. At Root's Mill the seam is worked. It has been obtained by-

stripping on Gilbert's Run, on the land of Esquire Newell, section 16,

and on the land of Mr. Branderberry, fraction 23. Mr. Milton King, sec-

tion 2, has dug the coal from the bed of a small tributary of Little Hock-

ing. He found its thickness only two feet.

FAIRFIELD TOWNSHIP.

This township lies north of Decatur and east of Wesley. It is chiefly

drained by the Little Hocking, but the northern region of the township

is drained by a tributary of Wolf Creek. There is considerable smooth

land, but it is intersected by the deep ravines of the head branches of

Little Hocking. None of these ravines are eroded to a sufficient depth

to reach the Cumberland seam of coal, but the Hobson coal is exposed.

On the land of Pitt Goddard, .fraction 7, the following section was ob-

tained :

Ft. In.

1. Laminated sandstone . 12

2. Not seen 9

3. Blue clay, with crumbling limestone 6

4. Not seen : 10

5. Heavy, coarse sandstone, partly conglomerate 40
6.' Shales and sandstones 60

7. Coal, Hobson seam, reported thickness , 2

(See Map XI., No. 4.)

No seam of coal was seen higher than this. There is little of interest

to the geologist in this township. There are many excellent farms, and
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the farmers deserve great credit for doing so well with a soil containing

comparatively little lime.

WESLEY TOWNSHIP.

This township lies directly north of Decatur, and borders Athens county

on the west. The larger part of the township is drained by the branches

of Wolf Creek. The south-eastern portion is drained by the tributaries

of Little Hocking. A small area in the south-west is drained by branches

of Federal Creek. In the central portion of the township there is a good

deal of comparatively level and smooth land. This is upon the elevated

area from which the streams radiate. In the northern part of the

township there is much excellent land upon the various branches of

Wolf Creek. In this township we find two seams of coal. The lower of

the two is the upper seam on Big Run, or what I have generally called

the. Cumberland seam, from the town of Cumberland, Guernsey county,

where the seam is mined. The upper seam in Wesley is about one

hundred feet higher than the Cumberland seam. I have called it the

Hobson coal, it being seen upon the farm of Stephen Hobson, section 36.

The lower, or Cumberland, seam is probably only to be found in the

north-west portion of the township. It is low in the bed of Coal Run.

On the land of Henry Barnes, section 6, both seams of coal are seen, in

the following geological section :

It. In.

1. Shale 4

2. Cannel slate 1

3. Coal, Hobson seam '8

4.- Not seen 45

5. Limestone 2

6. Not seen 10

7. Limestone and interstratified shales 8

8. Buff limestone 4

9. Shale 1

10. Limestone v 10

11. Shale, with nodules of limestone 8

12. Blue shale 16

13. Coal, Cumberland seam, reported 1.

(See Map XL, No. 2.)

The lower coal has only been obtained by stripping in the bed of Coal

Run. Possibly a part of the seam has here been eroded, and if the coal

were mined by a drift it might be found considerably thicker. This geo-

logical section reveals considerable limestone. 'If so much limestone

were placed well up on the hills, its fertilizing effect would be much
;greater than where it how is,, so low in the .valley.

On the land of Henry Wagner, on Coal Run, we find the lower, or
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Cumberland, seam of coal in larger development. The following is the

section :
,

Ft In.

1. Limestone in layers, with some interstratifled shale 25

2. Blue shale 15

3. Coal, the upper part slaty 8

4. Slate, parting : 2

5. Coal, Cumberland seam 2

6. Underclay 1 6

(See Map XI., No. 1.)

On the land of Stephen Hobson, section 36, we find the following sec-

tion :

Ft. In.

1. Heavy, disintegrating sandstone 40

2. Not seen ; 60

3. Shale, somewhat ferruginous 2 6

4. Slaty coal : 3

5. Black slate 4

6. Coal, Hobson seam .. 2 8

7. Underclay ,.,
.'. 2

8. Not seen 36

9. Limestone 4

(See Map XI., No. 3.)

The coal is not the best, but it answers a good ;purpose for -local usei

The limestone found thirty-eight feet below the coal is said to burn into

excellent' quicklime.

A geological section was taken on the land of Wilson Graham, section

24, which revealed the following strata :

Ft. In.

1. Heavy, coarse sandstone , 30

2. Not seen 12

3. Sandstone™ 10

4. Black slate.... 1 6

5. Clay , 1

6. Shale : 12

7. Limestone 5

8. Blue shale, with nodules of siderite ore... 25

9. Coal 1

10. Slate 3

11. Coal, Hobson seam, reported 2

12. Underclay 1

13. Limestone - 3

PALMER TOWNSHIP.

This township lies north of Fairfield and east of Wesley. It is en-

tirely drained by the tributaries of Wolf Creek. Much of the land is

smooth and attractive, and many of the farms are in a fine state of cul-
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tivation. There is less limestone in the hills than would be desirable.

There are some layers of it, but they generally lie too low to fertilize large

areas. The rock strata are chiefly sandstone and shales. The only coal

seen is the Hobson seam, the geological position of which is about one

hundred feet above the Cumberland seam, and about one hundred and

ninety feet above the Pomeroy seam. This coal was seen on the land of

S. S. Smith, section 18, but no measurements could be made to determine

the thickness of the seam. About one hundred and twenty feet above

the coal was found a deposit of iron ore from two to three feet thick.

(See Map XI., No. 6.) The ore is apparently a bog ore, but Mr. Gilbert

reports that it appears to be imbedded in shale. Like most bog ores, it is

rich in manganese, but the analysis showed it to be very lean in iron.

The metallic iron, as determined by Prof. Wormley, is only 9.72 per cent.,

while the manganese is 5.90 per cent. This ore is said to cover a consid-

erable area in this neighborhood. A geological section was taken on the

farm of John Breckenridge, on "Whitewater Creek, a branch of Wolf

Creek, in the northern part of the township, which is as follows :

Ft. In.

1. Heavy sandstone (estimated) .; 50

2. Olay, with limestone in concretions..... 6

3. Limestone and shale 4

4. Shales, red and blue 15

5. Hard, blue limestone 1

6. Not seen 10 •

7. Laminated sandstone 15

8. Heavy sandstone i 20

Bed of Whitewater, at Brown's Mill.

By following down Wolf Creek we find the great limestone group of

Wolf Creek coming in about twenty-five feet below the heavy sandstone,

the No. 8 of the last section. The upper fifteen feet of the space is filled

with a sandy shale, below which is a layer of limestone. The remaining

space was not seen. It is a great misfortune for all this region that the

fine deposit of limestone in the bed of Wolf Creek could not have been

located high up in the hills, for it is of little fertilizing value where it

now is.

Some traces of coal were seen on Mr. Breckenridge's farm in a little

branch, but the exact stratigraphical position of the seam could not be

determined. It may possibly be the Hobson coal, or, more probably, it

is a very thin seam that comes, in a little higher. In Waterford town-

ship a thin seam is seen about one hundred and ten feet above the great

limestone group. This thin seam was noticed in several places in Palmer

ownship. On the land of Mr. ¥m; . Leggett, near the middle of the

township, it was one foot thick.
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BELPRE TOWNSHIP.

This is the most southern township in the county. It extends for

many miles along the river, and has a very large area of very fertile and

valuable land. The,- great wealth of the soil must make amends for the

dearth of valuable minerals in the hills. The geological formations

through this and some adjacent townships are such as to offer very little

of practical value. There are sandrocks which may be quarried, and

some iron ore.

On the land of Edwin Guthrie, section 28, we find the following geo-

logical section, which reveals considerable iron ore

:

°
' It. In.

1. Shale, with kidney ore in nodules near top , 5

2. Ore (1) 4

3. Shale .'. 2

4. Ore (2) 3

5. Shale 1 8

6. Ore (3) 4

7. Shale 1

8. Ore (4) 3

9. Shale 2 6

10. Ore (5).
'. .' 6 •

11. Shale . 2

12. Sandstone, quarried 15

13. Sandy shale .'.
'. 20

14. Sandstone > '.. 25

(See Map. XI., No. 14.)

Samples of all the ores, except the nodular ore at the top, were taken

for analysis by Prof. Wormley. The numbers begin with the upper layer.

Numbers 1, 2, and 3 gave only 12.13, 18.03, and 18.00 per cent, of metal-^

lie iron respectively. The detailed analyses of Nos. 4and 5 are as follows

:

No. 4. No. 5.

Specific gravity 2.916 2.924

Combined water 7.20 5.20

Silicious matter , 16.40 21.68

Iron sesquioxide 44.86 60.44

Alumina 3.60 0.00

Manganese ....„ 2.00 8.00

Phosphate of lime 1.50 0.54

Carbonate of lime 22.18 2.08

Carbonate of magnesia 1.43 2.04

Sulphur , trace trace

Total
'.

99.17 99.98

Metallic iron 31.40 ' 42.31

Phosphoric acid 0.70 0.25

30
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No. 5 is a good ore, and worthy of some practical investigation. The
layer is thick enough to be worked under favorable circumstances, and
being near the Ohio Kiver, it might be shipped to furnaces down the

river. The other ores are less rich in iron, and No. 4 has more phos-

phoric acid than ore should have.

The probable place of the Hobson coal is below the heavy sandrock at

the base of the geological section, and not far from the level of the Ohio
River. It is probably too thin to be of any practical value.

One-half mile above the mouth of Little Hocking the following section

was taken

:

It. In.

1. Shale 9 o

2. Sandstone •

, 20

3. Shale and laminated sandstone 12

4. Blue shale, ferruginous , 4

5. Coal, Hobson's seam „ 1 2

6. Not seen to Ohio River ,s 20
(See Map XI., No. 12.)

Near the mouth of Little Hocking Mr. M. R. Hill and Mr. "Waterman
have opened the same seam of coal as that given above, but have taken

out but little. The seam is quite too thin to make the mining profit-

able.

There is another thin seam of coal higher in the hills, of which we
sometimes find traces, but, it is of no practical worth. We sometimes

find in the Ohio River hills clay shales which contain considerable lime-

stone of valuable fertilizing quality. The limestone is in small concre-

tions, and is often sufficiently abundant to give the shale a whitish ap-

pearance, 'i

The Drift terraces along the Ohio constitute, an interesting feature in

the surface geology of this township ; they are high and well defined, and

upon them are some fine earth-works of the old Mound-builders.

Although Blennerhasset's Island belongs to West Virginia, yet, being

trery near the Ohio shore, it may be properly alluded to. This island is

«ome of the most beautiful of the river islands, and is connected with

iseeaies in the early history of the General Government which make it of

aio little historical interest. Mr. Wirt's speech at the trial of Mr. Blen-

aierhasset for complicity with the designs of Aaron Burr, which were

igupposed to be treasonable, has become classic, and the island he so well

jpietures is often visited by strangers.

BARLOW TOWNSHIP.

This township is north of Durham and west of Warren. The southern

tpart is drained by the branches of Little Hocking, and the north part by

the branches of Wolf Creek. In the central and northern part the land
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is pretty smooth, and the hill-slopes are quite gradual. There are many
excellent "farms, which show thorough cultivation. No important min-

erals were found in sufficient quantities to warrant practical develop-

ment. The only coal is the Hobson seam, which was noticed at several

points on the' Wolf Creek waters, although no where thick enough for

profitable mining. On the land of William Bell, in the north-western

part of the township, is an exposure of the coal in the bed of the stream.

The section is as follows :

Ft. In.

1. Sandstone 12

2. Shale 3

3. Coal, Hobson seam, reported lJto2
(See Map XL, No. 10.)

Prohably little attention has heen paid in Barlow to the matter of

opening seams of coal, since, as yet, the forests afford sufficient fuel.

Careful search might be rewarded in finding at some point the coal thick

enough to warrant working. In this township there are beds of shale

of considerable thickness, which contain small concretionary lumps of

limestone in large quantities, so as to give the shales great value for fer-

tilizing purposes. These shales are popularly called "marls." A horizon

of this marl is found about eighty feet above that of the coal seam before

alluded to. A similar marl is seen near Barlow village and vicinity,

which is probably higher in the geological series. About one hundred

and forty feet above the same coal is a stratum of red, or chocolate-colored,

shale, containing nodules of iron ore. The nodules seen were thoroughly

oxidized, and changed from the original blue carbonate into hematite.

The quality of the ore is good, but it would be difficult to obtain suffi-

cient quantity for the supply of furnaces.

Many years ago the late Jesse Lawton, Esq., who took a very intelligent

interest in geology, discovered on his farm, near the village of Barlow,

the evidences of the existence of an ancient lake bed, and called the

attention of the late Dr. S. P. Hildreth, of Marietta, who was connected

with the former geological survey, to it. Several years since I spent a

day with Mr. Lawton in examining the same region. What I saw went

to confirm the opinion of Mr. Lawton. I quote from Dr. Hildreth's geo-*

logical report for 1838 what he says on the subject :
" On Mr. Lawton's

farm, in Barlow township, Washington county, in the midst of the marl

region, is a locality of fossil fresh-water shells of the genus Unio. They

are imbedded in coarse sand or gravel, cemented by ferruginous matter.

The specimens are casts, replaced by an argillaceous oxide of iron. The

spot -in which they are found has once evidently been the bed of an

ancient lake or pond. It is now a beautiful valley of a mile or more in
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width by four miles in length, surrounded by low hills. On the south

side a small branch drains the superfluous water, into the Little Hock-
hocking. In digging wells for domestic use in this tract, beds of sand,

gravel, and plastic clay are passed to the depth of thirty feet, containing

imbedded branches of trees, leaves, and fragments of wood, of recent and
living species. Similar valleys and levels are found in the uplands of the

western part of the county, lying between the head waters of the creeks,

and are a kind of table-land. From the frequency of these flat lands

between the head waters.uof the Little Hocking and the South Branch
of Wolf Creek, it is quite possible that at some remote period the waters

of "Wolf Creek were discharged into the Ohio River instead of the Mus-
kingum. This opinion is strengthened from the fact that the head
branches of the South Fork now rise within two miles of the Ohio, and
run northerly, parallel with and opposite to the course of the Muskingum
for twelve miles, and join that river twenty miles from its mouth. The
remains of its ancient beds would form pools and ponds of standing water,

furnishing fit residences, for the fresh-water shells, whose fossil remains

are now found there. Great changes, evidently, have been made in the

direction of all our water-courses before they found their present levels."

WATERTOWN TOWNSfilP.

This township lies north of Barlow and south of Waterford. The north

half of its western line borders Morgan county. It is chiefly drained by

Wolf Creek, except its eastern side, which is drained by the head waters

of Rainbow Creek. The township is less hilly than most in the county,

and the land is generally finely situated for agricultural purposes. Like

most of the townships west of the Muskingum River, the rock strata, by

the disintegration of which the soil is formed, are chiefly shales and
sandstone, with probably little limestone. There is a heavy deposit of

limestone in the bed of the West Branch of Wolf Creek, but it must be

removed and applied artificially to the land. How far this has been

attempted, either in the form of limestone or as a quicklime, I do not

know. High in the hill near the Muskingum dam, above Beverly, there

are two or three layers of limestone. These may extend through the

hills of Watertown. The only seam of coal observed is the one near the

village of Watertown.- On the land of William G. Woodford the follow-

ing section was taken

:

Ft. In.

1. Shale • 6

2. Sandstone 4

3. Shale 5

4. Bituminous, ferruginous shale, with poal plants ....; 2

5. Coal, somewhat slaty % 2

6. Underclay 1

(See Map XL, No. 9.)
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This seam is supposed to be the. Hobson seam. Its place is probably

about one hundred feet above the Cumberland or Coal Run seam, but no

measurements were possible. Careful exploration might perhaps reveal

it at some point in greater thickness.

WATEEFQED TOWNSHIP.

This is the north-western township of the county. It is divided into

two proximately equal parts by the Muskinguni.Riyer,. which, touching

its south-western corner, flows northward, constff&ting; the western boun-

dary; thence, with many a curve, in a general south-east direction

through the, township. There is, therefore, within the township limits

a very uiiusual area of the rich river bottom land. No part of Ohio can

show richer land or finer farms. The township is chiefly drained by

small tributaries of the Muskingum. The south and west tefaneh.es of

Wolf Creek unite near the south line, and the united waters empty into

the Muskingum just above Beverly. Olive Green Creek, a stream of con-

siderable importance in Morgan county, enters the Muskingum within

the limits of this township just below* the* Morgan county line.

Many of the hills bordering the Muskingum River are high and bold.

A hill above Beverly, near the dam, presents a fine cliff on the river

side very favorable for examination, while from its summit a view of

unusual beauty is obtained. In the cliff are good exposures of the higher

strata, while in the bed of Thompson's Run, a few rods higher up the

river, a complete section of the limestone group was obtained. The
following strata were seen in the cliff

:

,

'

.
It. Im.

1. Sandy shale, light and dark colored (not measured).
i

2. Sandstone .'

; 12

3. Shale '. 6

4. Limestone 8

5. Shales, red and blue 10

6. Limestone 1 3

7. Shaly sandstone- 10

8. Limestone 8
''9. Stialy sandstone..: ' 4

10. Sandrock (not measured).

11. Shales, light eolored (not measured).

12. Limestone, irregularly bedded (not measured).

13. Bed shale, with nodules of iron ore (not measured). ,

14. Heavy sandrock, its cracks incrusted with crystallized lime-

stone (not measured).

15. Limestone group (not measured).

The incrustations on the sandrock above referred to are very white

and beautiful. At some time the clearest of water, charged with car-

bonate of lime in solution, percolated through the cracks in the sand-
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rock, and the lime accumulated on the sides of the cracks. Had the

same water dropped into a cavern there would have been formed stalac-

tites of remarkable purity and beauty. The following is a detailed sec-

tion of the limestone group :

It. In.

1. Limestone, blue and hard 1

2. Blue clay shale 1

3. Hard blue limestone 1

4. Limestone, yellowish 8

5. Hard blue limestone '. 4

6. Blue clay 8

7. Limestone, upper part blue, yellow at bottom 4

8. Blue clay 4 0"

9. Hard blue limestone 1

10. Blue clay , 1

11. Hard blue limestone 1 6

12. Blue clay 6

13. Sandy limestone, with casts of mud cracks on the under side 8

14. Blueelay 1

15. Blue limestone 1 4

16. Blue clay, thin limestone near top 6 ?

17. Space not exposed (estimated) 10 to 15

18. Sandstone 12

Level of Muskingum River.

Without doubt many of the layers of limestone would make excellent

quicklime. The thin layer of sandy limestone, No. 13, contains on its

under side fine casts of sun-cracks made by the drying ofrthe clay under-

neath when it was surface mud. Some fine slabs shoeing these casts

were taken to the cabinet of Marietta College many-years ago. The

place of the Coal Run seam of coal was supposed to be in the space No.

17, not exposed. No traces of the coal were seen. In the river bank

opposite Beverly is a fine exposure of limestone. The following section

was taken on the bank of the Muskingum, on the Dana farm, below

Beverly, the part below the water having been given me several years

•since by Boylston Shaw, Esq., who made a boring for Mrs. Dana

:

rt. In.

1. Limestone 8

2. Light blue clay (not measured).
, v

3. Limestone '. 4

4. Blue clay (not measured).

5. Limestone ^ .' 10

6. Blueelay 6

7. Blue limestone 1

8. Blueelay 10

9. Limestone 1 6

10. Blueelay 3 6
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It. In.

11. Blue limestone 1 8

12. Blue clay shale 11 a
13. Coal.. 1

14. Clay parting 10

15. Coal 3 8

(See Map XL, No. ,7.)

Mr. John Hubbell has a shaft on the same farm to reach this coal. I

suppose the seam to be essentially as reported by Mr. Shaw in the above

section. Immediately above the coal fifteen feet of blue shale are re-

ported, and above this fifteen feet of limestone. The place of the Hob-

son seam is about one hundred feet above the coal last mentioned. A
thin seam in this horizon was seen in the hill-side by the road-side north

of Coal Run village, under a heavy white sandrock. A section at this

point is proximately as follows

:

Et. In.
1. Heavy white sandrock (not measured).

2. Shale (not measured).

3. Coal (very thin).

4. Sandstone and shale ' 40

5. Limestone 1 8
6. Not exposed, except some limestone hear top 30 to 40
7. Coal (Coal Run seam).

Interval to Muskingum River (estimated) 10

The heavy white sandrock may be worthy of attention as a material

for glass-making. Selected portions would certainly be fine enough.

Some of it would, I think, answer an excellent purpose for hearthstones

for furnaces. The upper coal seam is of no value here, and probably no-

where in this region. In some of the townships south-west.it is the

only seam found, but it is too thin for profitable mining.

Several years ago portions of the skeleton of a huge mammoth were
dug up in the village of Beverly. Several large teeth in excellent pres-

ervation were found, and much of the skull; but the latter being some-

what crumbling, after being kept for a time was thrown into the street

and crushed under wagon-wheels. As no skull of the mammoth has

ever been obtained. in this country, so far as I know, the destruction of

this skull was a very serious loss to science. One of the teeth is pre-

served in the cabinet of Marietta College. A fine specimen of a shoulder-

blade of a mammoth was obtained by Dr. Bowen, of Waterford township,

from another location farther up the river, which he generously depos-

ited in the same cabinet. I have known of portions of quite a number
of different individuals of this extinct species of elephant which have
been found in Washington county.- While the mammoth roamed here

in considerable numbers, I have not known of the finding of any bones

of the mastodon. In some parts of the West, on the other/hand, the



472 GEOLOGY OF OHIO.

bones of the mastodon are found almost exclusively. These animals

were contemporaries. Did they have distinct and separate haunts ?

WAEREN TOWNSHIP.

This township lies east of Barlow and south of Union townships. It

is bounded on the south-east by the Ohio River. It is drained by the

waters of Wolf Creek on the north and west, by Little Hocking on the

south-west, by Indian Creek on the north-east, and by several small

streams flowing into the Ohio, of which the principal are Mile Run,

Scott's Run, and Bailey's Run. Prom the high lands on section 16 and

vicinity the streams flow in almost every direction. The soil on the

Ohio River is most excellent, and that of the valleys of the smaller

streams productive. Many of the shales in the hills are rich in small

concretions of lime, and when disintegrated form a good soil. It is prob-

able that these concretions change in places into thin layers of limestone.

No thick seam of coal could be found, but the thin Hobson seam, found

in townships to the west, is often met with in its proper geological hori-

zon. This seam is exposed in the railroad cut, under the heavy sand*

rock, in the Narrows below Harmar. It is here of no economic import-

ance. Traces of a higher seam were observed, but the seam must be

very thin.

The most valuable feature in the economic geology of this township is

the sandstone of very superior quality for grindstones and for build-

ing purposes found • in heavy ledges along the Ohio River hills. No
towns in the Second District are so rich in grindstone material as War-

ren and Dunham. There has been an increasing traffic in grindstones

from these townships for the last forty years and more. There is an

almost inexhaustible supply of stone admirably adapted to this import-

ant manufacture. Almost every variety of texture and grit is to be ob-

tained, and the prepared stones are sent all over the country. The busi-

ness is capable of almost indefinite development. The following is a

geological section showing the position of the sandstones, as found in the

Narrows on the Ohio River, in this township :

Ft. In.

1. Heavy sandrock '. 30

Blue shale 9

3. Heavy sandrock, extensively quarried for grindstones 25

4. Sandy shale
'.

20

5. Heavy sandrock, quarried in places 36

6. Shale, somewhat (ferruginous..; 4

7. Coal, Hobson seam 1 .6/

8. Fire-clay and shale .-.., 4

9. Interval to Ohio River 42

(See Map XI., No. 19.)
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The proximity of the quarries to the railroad and river greatly in-

creases the value of the location. Down the river, near the Dunham
township line, the sandstone has been quarried for many years by a com-

pany under the superintendence of Mr. William McClure. The " Con-

stitution stone " of this company is a very beautiful bluish-gray stone of

fine texture, and admirably adapted to ornamental architectural work.

It has been introduced into Chicago and other cities. It is a firm and

durable stone, and capable of resisting great pressure without fracture.

It will also resist the influence of heat, in case of fire, far better than

limestones and marbles.

For miles along the Ohio Eiver hills quarries might be opened,

although stone of the very highest quality, and that adapted to special

uses, either for grindstones or for building, will be found in more limited

areas. Messrs. D. Briggs, Henry Cole, D. B. Caldwell, Calvin Finch, the

the Ohio River Stone Company, and others, are engaged in converting

the sandrock of the quarries into grindstones. The middle sandrock, or

No. 3 in the geological section, is generally preferred for grindstones.

At some of the quarries nearly.the whole of the stratum, or twenty-five

feet, is available.

DUNHAM TOWNSHIP.

This township lies directly north of Belpre. It is a long, narrow town-

ship, with three miles of the Ohio River bordering it on the east. Its

surface drainage is almost entirely effected by the East Branch of Little

. Hocking and its tributaries, the streams flowing into the Ohio being very

small.

The same thin seam of coal found in Fairfield, Belpre, etc., called the

Hobson seam, is found in Dunham township. Its stratigraphical posi-

tion is seen from the following section on Little Hocking, in section 16,

on the farm of Harvey Ellenwood

:

It In.

1. Sandy shale 8

2. Blue clay shale... 4

3. Coal, Hobson seam 1 6

4. Underclay 2

5. Shale 13

6. Laminated sandstone ^ 5

.7. Shale * 15

8. Laminated sandstone 6 •

Highest mark of back-water of Ohio Eiver. (See Map XI., No. 11.)

The black stain of the Hobson coal can be seen in many places in the

township.

No well defined layers of limestone were seen, but such may exist, for
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some of the shales contain limestone in small concretions. Sometimes

in place of such concretions we find regular strata of limestone.

Sandstone is the most characteristic rock in the hills, and formerly

many of the hills were crowned with yellow pines, a tree that thrives

on highly silicious soil. In the hills bordering the river large quarries

have been opened in the heavy sandstone ledges, and vast quantities of

stone have been removed. The stone for the piers of the railroad bridge

across the Ohio at Parkersburg came very largely from a Dunham
quarry. Other excellent quarries have been opened, and stone for build-

ing purposes is shipped down the river. The selected stone makes

superior grindstones, and large numbers are annually made and sold.

Mr. B. E. Tilton, D. Briggs, and others, are engaged in this business.

The old quarries of the late Oren Newton, where grindstones were ob-

tainedforty years ago, are in this township. The sandstones of this and

of Warren townships are of the most excellent quality, are convenient

to river and railroad, and cannot fail in the future to be sources of great

wealth.
ADAMS TOWNSHIP.

This township lies directly east of Waterford, and is traversed by the

Muskingum River. The chief affluents of the Muskingum, which drain

the township, are Big Run and Cat's Creek. There is considerable lime-

stone in the hills, and the soil is generally rich and productive. There

is an almost unlimited supply of coal of fair quality to be found nearly

through the whole township north of the river. The dip is generally to,

the south, but we find the seam also gradually rising to the east on the

waters of Big Run, Cat's Creek, and Bear Creek. The following section

was taken on the hill below Coal Run village, near Ewart and Mills's

coal bank

:

,
It. In.

1. Soil, etc., top of hill v. 10

2. Laminated sandstone ,. 6

3. Shale, buff-colored , 4

4. Bed shale 5

5. Sandstone ; 2

6. Shale, with crumbling limestone and ore 12

7. Laminated sandstone 9

8. Shale, with nodular limestone 17

9. Laminated sandstone ; 8 0*

10. Shale. 16

11. Laminated sandstone 6

12. Mostly shale , 28

13. Sandstone 4

14. Shale '.:
: 11

15. Sandstone 6 6
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Ft In.

16. Shale 18

17. Limestone 6

18. Bed shale . 14

19. Fine-grained laminated sandstone 5

20. Bed shale and scattered limestone 33

21. Buff and white limestone 3

22. Shale 5

23. Sandstone 19

24. Shale .'. 3

25. Coal *'.
1

26. Clay and slate 1 6

27. Coal 1 3 3

28. Clay .... , 5

29. Limestone (reported).

(See Map XL, No. 8.)

We see by this section that the quantity of limestone over the coal is

much less than at Beverly or on the Dana farm. On the lower part of

Big Run a coarse sandstone takes the place of the limestone altogether.'

Such changes are not uncommon, and show how difficult it is to identify

the coal seams by associated sedimentary rocks. While in this case,

about Beverly the waters brought in calcareous mud, now constituting

limestone, at another point they brought in sand, now forming sandstone.

At George W. Lyne's bank, below Coal Run village, the coal seam shows

the same structure as atEwart and Mills's bank. Mr. Lyne reports that

" the thickness of the seam varies from three and a half to four feet three

inches in thickness." South of the river no banks have been opened.

The coal doubtless extends south, but it must be mined by shaft and the

mines drained by pumping. The upper foot of coal, the part above the

clay parting, is not generally taken out. There is no reason why abun-

dant brine should not be obtained by boring, and the poorer coals be

used for making salt. Mr. Lyne reports the quantity of coal mined at

the Coal Run banks at from 400,000 to 500,000 bushels a year, and this

quantity could be very largely increased if the demand required it. The
coal, when mined with proper care, is of good quality for the generation

of steam and for household use. It has a caking tendency, and needs

stoking to allow it proper draft. On Big Run, the Coal Run seam of coal

is found along the whole length of the stream. Six miles above the

mouth, in Noble county, Mr. Jacob Cassel has obtained the coal on his

land by stripping, and reports it to be from five to six feet thick. From
Cassel's the dip of the coal seam is about equal to the fall of the stream.

About two miles above the mouth the limestones above the coal mostly

disappear, and a heavy, coarse sandrock comes in. A section on the land
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of Henry Boss, a mile and a half above the mouth of the stream, shows

the sandroek as follows :

Ft. In.

1. Heavy, coarse-grained sandroek 25

2. Shale, with coal plants 4 6

3. Coal
•'

: 1 6

4. Clay parting 1 4

5. Coal 2 8

6. Interval to bed of Big Run < 20

(See Map XI., No. 13.)

Another section, taken higher up Big Run, but within the limits of

Washington county, shows the stratigraphical position of some limestones

and of a higher seam of coal

:

Ft. In.

1. Coal stain or blossom.

2. Not exposed • 10

3. Sandy shale 20

4. Sandstone... 5

5. Shale ,., 17

6. Limestone 2

7. Not exposed 41

8. Limestone, in part magnesian 9

9. Shale 15

10. Buff and white limestone 3

11. Shales, chiefly
'. 25

12. Coal, Coal Run or Cumberland seam (not measured).

13. Not exposed. 30

14. Limestone., 2 to 3

The two coals are from one hundred and forty to one hundred and fifty

feet apart. The upper one is doubtless very thin and valueless. It has

been noticed, however, at one or two other points. It is better developed

in some other counties.

On Cat's Creek the Coal Run or Cumberland seam of coal is seen. The

following section was taken on the land of G. Brown, two miles above

the mouth

:

Ft. In.

1. Buff and white limestone 2

2. Sandy shale
'. 27

3. Coal and clay 1

4. Coal 1 6

5. Clay and bituminous shales '. 1

6. Coal 2 5

V. Clay
'.

6

8. Sandstone and shales 24

9. White limestone ,.

'. 2

(See Map XL, No. 15.)
.

'
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On the left branch of Cat's Creek, on the land of Nicholas Basil, about

three miles above the mouth, the coal is thicker. The following section

was taken, showing the several exposed strat in the hills :

It. In.

1. Crumbling limestone in red shale.

2. Not exposed 110

3. Laminated sandstone .' '. 5

4. Sandy shale -, 16

5. Hard sandstone 3

6. Shale 10

7. Limestone , 2

8. Not exposed 40

9. Limestone, in part cement limestone. 10

10. Clayshale '. 18

11. Buft limestone 3

.12. Sandstone 20

13. Shale 1

. 14. Coal, slaty at top 4 3

15. Not exposed 10

16. Sandstone , '... 14

17. Shale , i 4

18. Limestone 2

(See Map XI., No. 16.)

The same seam of coal is to be found on all the branches of Cat's Creek,

and, continuing under the hills, reappears on Bear Creek, in Salem town-

ship.

Adams township has, therefore, a very large supply of coal, well adapted

to all ordinary uses. It will be the basis of a large manufacturing indus-

try when capital and enterprise are introduced. At present there is no

adequate market for it, and coal cannot be profitably mined without large

markets. The water-power at Lowell is very considerable, but for many i

classes of manufacturing fuel in large quantities is indispensable. A
railroad in the Muskingum valley would be of almost incalculable value

to tbis part of the State, and would naturally attract capital to the coal

field in Adams township. The soil of the township is excellent, abun-

dant limestone of a highly soluble and fertilizing kind being found in

all the hills. The alluvial soil of the Muskingum valley is also extremely

fertile, so that a large manufacturing population could be fed from home
productions, and the farmers would have the advantage of a constant

and remunerative home market.

UNION TOWNSHIP.

This township lies directly south of Adams and east of Watertown.

It is drained chiefly by the waters of Rainbow Creek. Much of the soil
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is good, and some of the limestone strata found north in Adams extend

into the hills of Union, but they show a tendency to thin out. toward the

south. The only coal observed is always thin. It is supposed to be the

Hobson seam, the place of which is about one hundred feet above the

Coal Run or Cumberland seam. At one place, not far above the mouth
of Rainbow Creek, this seam is found, and is reported to be only eight

inches thick. This township, since the formation of Muskingum town-

ship, has lost the larger part of the Muskingum River, formerly within

its limits, with the rich adjacent bottom lands.

MUSKINGUM TOWNSHIP.

This township lies north of Marietta, and includes the Muskingum
River as far north as the mouth of Bear Creek. It, consequently, con-

tains a large area of the immediate valley of that river. Its eastern

boundary generally takes the summit of the ridge dividing the waters of

the Muskingum and Duck Creek. The soil on the top of this ridge is

not remarkable for its natural fertility, being composed largely of disin-

tegrated sandstone and shales. In the northern part of the township

some of the limestone found in the hills of Adams township serve a val-

uable purpose in fertilizing the soil. These are seen in the hills near

the mouth of Bear Creek. The following section was taken on the road

leading from the Lutheran Church, on the ridge, down to Bear Creek,

near the north line of the township

:

x

Ft. In.

1. A black stain of black slate or coal.

2. Shales, chiefly..! , 59 ,

:

3. White limestone, probably in two or three layers ..3 to 5

4. Sandstone and shales, not seen in detail 77

5. White limestone, possibly not in place ". 1

6. Not all well seen, but chiefly sandstone and sandy shales 100

7. Buff limestome '. s 1 3

8. Blue limestone, in bed of Bear Creek.

The section can be only proximately correct, as the dip was not known,

and no allowance could be made for it.- The place of the Bear Creek or

Cumberland coal is about seventy-five feet above the buff limestone, but

no trace of it was found. The dip of the strata on Bear Creek is sharply

to the south. On the land of John Spears, a half a mile above the

mouth of Bear Creek, a section was taken as follows

:

It In.

1. Blossom of coal, Hobson seam.

2. Not well exposed, but contains several layers of limestone 48

3. Limestone 2

4. Not exposed '. 45
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Ft. In.

6. Blossom of coal, Cumberland or Bear Creek seam.

6. ^Notexposed 50

7. Limestone (not measured).

8. Not exposed „ 10

9. Heavy sandstone : 25

10. Coal below bed of stream, once dug a little.

Bear Creek. (See Map XI., No. 17.)

On the hill, back of the house of B. F. Dyar, section 7, in this town-

ship, we find the Hobson coal exposed. It has in two and one-half miles

from the place of the last section dipped about sixty feet. Mr. Dyar's

section is as follows

:

m. In.

1. Nodules of iron ore, hematite.

2. Shales and sandstones 34

3. Sandstones, chiefly ..,..20

4.. Notexposed 12

5. Coal, Hobson seam 8

6. Clay parting " 2

7. Coal " : 1 6

8. TJnderclay 2

9. Crumbling limestone 2 6

10. Notexposed 40

11. Limestone 8

12. Interval, not seen to Muskingum River ,. 65

(See Map XL, No.' 24.)"

A section was taken on the north side of March Run hill to obtain the

interval between a thin" seam of coal once mined by Frank Norman, and

the heavy limestone deposit near the foot of the hill. This was found to

be ninety-seven feet. The limestone, with the shales between the lay-

ers, is nine feet thick. Underneath are four feet of shale. A composition

section showing all the strata on both sides of the hill is as follows :

Ft. In.

1. Bed shales on top of slate.

2. Crumbling limestone and shale 2

3. Mostly shale 51

-.4. Sandstone 3

5. Bed shale 36

6. Coal once dug, now covered.

7. Hard limestone near the top, rest unseen 20

8. Sandstone 15

9. Bluish clay, with a layer of nodules of ore „ 10

10. Limestone 1

11. Cay shale , 5

12. Sandstone ..• 4
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Ft. In,

13. Not exposed 28

14. Sandstone 10

15. Not seen 4

16. Limestone, with shales '.

9

17. Shale 7

18. Coal once exposed, Hobson seam.

The place where this lower coal was seen is by estimate forty feet

above the level of the Muskingum River. It is probably ten or fifteen

feet higher than the same seam in the Narrows below Harmar. Neither

of the seams of coal in the above section was exposed for measurement.

On the land of Jacob Sutter, on Second Creek, a seam of coal is found

with the following associated strata :

1 It. In

1. Sandstone....- ...» 12

2. Red shale 5

3. Not seen 13

4. Hard blue limestone ; 10

5. Shale :
•'. 18

6. Black slate i 9

7. Coal .: 16
8. Clay 4

9. Coal 6

j 10. Notseen 2

11. Sandstone 2

12. Shale 10

Bed of Second Creek.

I suppose this to be the Hobson seam. In the- bed of Second Creek

abundant nodules of rich iron ore are found. These have been gathered

and used for the puddling furnaces in the Marietta rolling-mill. Many
years since I traced these nodules to their origin in a stratum of blue

clay, from which they had been washed. While examining the region

in the prosecution of the State Survey, the clay seam was found to be

buried, and its exact place was not identified and no measurement

taken, but I have no doubt that it is the same blue clay which carries

nodular ore seen on March Run. hill, about seventy feet above the level

of the Hobson coal. Under a bridge over Second Creek, on the plank-

road, near the east line of the township, is a thin seam of limestone con-

taining scales of fishes and some small univalve shells.

SALEM TOWNSHIP.

This township lies east of Adams. Its drainage is entirely by the

waters of Duck Creek and its tributaries, excepting the western margin,

which is drained by Bear Creek. Duck Creek, in this township, is re-
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markable for its crookedness. This township is hilly, but the hills are

capable of cultivation, and the soil is generally excellent, rendered so by

the limestone found more or less abundantly in the hills.

In determining the geological facts of this township we shall best

begin on the western margin, having already described Adams township.

The Cat's Creek seam of coal—the Cumberland seam—is the same as the

Beat Creek seam. The seam varies in thickness on Bear Creek. On the

west side of one-hundred acre lot No. 53, the coal was formerly mined,

and measured five feet, with a slate parting of one inch two feet above

the bottom.

Here the coal was of excellent quality for household and all ordinary

uses. Coal of similar good quality was found higher up the creek, on

the land of Mr. Jackson, and considerable quantities were obtained by
" stripping " in the bed of the stream, and carried in wagons to Marietta.

To the south and south-west the seam becomes thinner, and the coal is

more slaty. At the Bowen mine the seam measures three feet six inches?

To reach this mine a tram-road was built up the creek from the Mus-

kingum River. It is to be regretted that this road does not extend

higher up the creek, so as to reach a thicker and better development of

coal.

A sample of Bear Creek coal was analyzed by Prof. Wormley, with the

following result :

Specific gravity '.

: 1.325

Water , 2.00
' Ash 5.24

Volatile combustible matter 33.76

Fixed carbon 59.00

Total : 100.00

Sulphur
, 3.33

Sulphur remaining in coke.. 1.86

Percent, of sulphur in coke 2.82

Iron in ash 1 0.39

Permanent gas per pound in cubic feet ....; , 3.97

The sulphur is more than is desirable, and more than the appear-

ance of the coal would indicate. This is explained by the fact that only

a small part of it is combined with iron in the form of bi-sulphide.

The amount of fixed carbon is large, and the amount of permanent gas

is also large., The coal kindles readily, and burns freely, with a brilliant

flame, and has high heating power. The best of the Bear Creek coal, is

of excellent quality for household use. With proper facilities for purifi-

cation, the coal would answer for gas-making. It was once tested in the

31
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laboratory of the Manhattan gas works, New York, with favorable re-

sults as to the quantity of gas, and as to its high illuminating power."

A combined section of the strata seen on the upper part of Bear Creek
is as follows

:

rt. In.

1. Blossom of coal 2

2. Not exposed 2

3. Limestone 2

4. Not exposed 15

5. Limestone 4

6. Not exposed...

:

, ...„ 60

7. Sandstone : „ 4

& Shale ., „ 6

9. Coal 3 o

10. Slate parting „ 1

11. Coal : 2

12. Not exposed „... 27

13. Sandstone..; 8

14. Shale 6

15. Laminated sandstone 10

16. Shale .'. 2

17. Limestone layers, white and buff 6

(See.'Map XI., No. 22.)

About forty feet above the upper coal, of which only a faint trace was
seen, is a stratum of blue limestone.

The strata on Bear Creek dip regularly to the south. On the lower

part of the stream, before it leaves Salem township, we find in its bed a

well-known stratum of earthy, buff limestone, with which are associated

other limestone layers, forming a group which has quite an extensive

range in the eastern part of Washington county. Under this group lies

the lower Salem coal, found in many places on Duck Creek. On Whip-
ple's Run it is changed to cannel coal. Some of the limestones and the

associated shales are fossiliferous, containing, on Bear Creek, teeth of

fishes and comminuted shells. A layer of slate below the coal is also fos-

siliferous. This limestone group on Bear Creek, in the south-west corner

of Salem township, passes under the dividing ridge and is seen in the

bed of Duck Creek, near Mr. Flanders's, about half a mile above the

Cedar Narrows bridge, in Fearing township. From this point it is

readily traced in the banks of the creek and adjacent side hills up to

Salem, and up the East Fork to the Noble county line. The coal under

it is seldom more than three feet thick, and it is generally less. This

seam is the equivalent of the Pomeroy seam and of the Pittsburgh seam.

It has been traced from Pomeroy through Athens and Morgan counties

into Washington county. On the West Fork of Duck Creek the lime-
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stone .group with the coal gradually thins out to the north and disap-

pears—at least it was not seen in the vicinity of Caldwell, in Noble

county.

On Pawpaw Creek, a branch of the East Fork of Duck Creek, the lime-

stone group is seen for several miles. It is also seen on Coal Run, a

branch of Pawpaw, coming in from the north. The coal accompanying

this group has been mined in small quantities at several points, two or

three banks having been opened near the village of Salem.

A section taken in the hill back of Salem village is as follows

:

Ft. In.

1. Sandstone .and shale 5

2. Blue limestone

3. Buff limestone 2

4. Limestone and shale 2

5. Clay •.

'.

3

6. Coal 2 6

(See Map XL, No. 21.)

On Pigeon Branch of Whipple's Run, on the Moses Blake farm, near

the south line of Salem township, the coal is for the most part cannel,

and has been mined to some extent and taken to Marietta. It burns

freely in the grate, but the percentage of ash is too great to make it a

desirable fuel. To the north this coal reverts to the usual type of bit-

uminous coal. Such changes are not uncommon, and show that cannel

coal is only a local modification of a seam of bituminous coal. A sample

of the bituminous coal of the. " limestone seam," taken from the Coal

Run Branch of Pawpaw Creek, was analyzed by Prof. Wormley, with the

following result

:

Specific gravity (dried at 212°) 1.224

Ash (light gray) ; 6.20

Volatile matter 38.20

Fixed carbon
, 55.60

Total 100.00

Sulphur 2.18

Coke very compact, with metallic luster.

The buff limestone, which forms one of the layers of the limestone

group, was also analyzed, with a result as follows

:

Silicious matier 19.10

Alumina and sesquioxide of iron 8.65

Carbonate of lime • 47.70

Carbonate of magnesia 19.40

Combined water 2.50

Undetermined .'.' 2.65

Total 100.00

r

r
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This is a double carbonate of lime and magnesia, with such proportions

of silica and alumina as would indicate some value as a waterlime. It

is worthy of practical investigation. The most important seam of coal

in Salem township is the upper one, which is here locally called the

"sandstone seam," because of the heavy sandstone generally found above
it. This sandrock is not entirely persistent, for in some places it does

not appear, at least not in a heavy body. This seam of coal is one of

wide extent, being found in a large number of counties in the Second
Geological District. Its place is generally from eighty-five to one hun-
dred feet above the Pomeroy seam. It has no better development than

,
on the waters of Duck Creek. It has already been referred to as the

Bear Creek seam of coal. There the coal, in all its physical structure, is

somewhat different from that of the coal of the same seam on the East

Fork of Duck Creek, and on the West Fork at Macksburg, Newburg, etc.

This is due to the different conditions under which the coal was depos-

ited. The same seam shows much the same characteristics on the farm
of Samuel J. Hazen, near the head of Whipple's Branch of Pigeon Run.
The coal here is four feet thick, with three inches of black slate under it

y and ten inches of similar slate over it. Above the latter slate is a mass
of blue clay mottled with red. Here no heavy sandrock appears over

the coal. In former years considerable coal from the Hazen bank was
taken by wagons to Marietta. It has a pretty large percentage of ash,

but in other respects is a good coal. To the north the seam maybe
traced, in varying thickness, to the north line of this township. Its

finest development is probably on the East Fork and in the hills, be-

tween the two forks. I have seen few openings on the lower part of the

West Fork, but where I have found the coal it is thinner; but it thick-

ens again in Aurelius and to the north. The coal is well seen on the

farm of Vincent Payne, on Coal Run Branch of Pawpaw Creek, where

the seam presents the following structure :

.

Coal, upper bench 2 ft. 6 in.

Olay parting " 11 "

Coal, lower bench 3 " 7 "

Making a total of coal of six* feet one inch. A sample of this coal was

analyzed by Prof. Wormley, but I think it not a fair representative sam-

ple, from the exceptionally large ash. The coal was dried at 212°, and

no record is given of the loss of moisture

:

Specific gravity 1.352

Ash , 121)5

Volatile matter .- - 37.50

Fixed carbon .'

49.55

Total \ 100.00

Sulphur 3.26
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On the farm of Mr. Payne are two well-marked seams of limestone, one

one hundred and forty-four feet above the coal, and the other fifty-six

feet higher. Each of these limestone deposits exerts a fine fertilizing

effect upon the hill-sides. The upper one appeared to have great enrich-

ing power, so that the soil, almost to the summits of the hills, is very

productive. Grasses, grains, and fruit grow luxuriantly. A geological

section seen 6n this farm is given in Jtfap XL, No. 20.

Crossing the ridge to the farm of Moses True, Esq., we find the coal

well developed. Here the coal has been mined, and Small quantities

have formerly been taken to Marietta. The quality of Mr. True's coal,

as tested in the parlor grate, is excellent. It is a caking coal, and for

this reason needs more attention than coal of the dry, non-cementing

class. Many years ago I burned a load of it with great satisfaction. In

that part of the bank from which that coal came were layers of inter-

laminated cannel of excellent quality, which added to the value of the

coal for grate use. This seam is believed to continue in fine thickness

through all^the high lands extending east into Liberty township. On
one of the branches of Pawpaw Creek, in the north-western corner of

Liberty, the coal is reported seven feet thick. All the farms which take

the high hills on both sides of the East Fork contain this coal. It has'

been opened on nearly ail the farms^—on H. C. Hovey's, Ephraim Gould's,

Jas. Aiden's/etc. In this region the aggregate quantity of coal is very

great. On Crooked Run, a branch of Duck Creek, north of Mr. True's,

the s.eam is seen, and at the proper place below* it is the coal of the lime-

stone group, measuring thirty-two inches. This lower coal is also well

seen by- the road side on the farm of Mr, Hovey. Every where this coal,

so far as it could be seen, appears to be of good quality. Through all

this region the heavy sandrock over the upper or main seam of coal

makes a conspicuous landmark. It often forms bold ledges, and on some

of the small streams the water pours over it . in falls of great beauty.

Salem township perhaps exceeds any other in the county in its supply

of coal. The day is not far distant when this coal Will be needed. To all

uses except the highest, which forbid much sulphur, the coal is well

adapted. For household use, for the generation of steam, and for rolling

mills, the coal will answer a good purpose, but not for the blast furnace

nor for gas-making. It is possible that at some points the coal will afford

good merchantable coke. I think some of the coal from the East Fork

—

such, for example, as was formerly mined by Mr. Moses .True— would

make a firm coke. How far the sulphur of the coal would pass off in

coking, and, consequently, how much would remain in the coke, can

only be determined by experiment. The coal is every where accessible,
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and generally every advantage can be taken of the dip for drainage and

easy delivery of the coal to the mouth of mines. The general dip is to

the south, hut this is locally modified ; indeed, the strata all through the

east half of Washington county are more or less undulating. At one

point in the township the level line or line of no dip was found to be

north 60° east. This would give the dip at this point south 30° east.

Petroleum.—Several years since this township laid claim to the posses-

sion of good oil territory. On Pawpaw Creek several alluring little wells

were obtained, enough to quicken the pulse of the oil fever. That there

is considerable oil in the region there is "no doubt; and if the price would

justify small wells, the Pawpaw region might be worked. Among the

many minor undulations which have caused subterranean fissures, and

thus made it possible for the oil, probably in the form ofvapor, to rise

and accumulate, one such undulation, as an anticlinal, probably crosses

Pawpaw Creek in lots 55 and 145 'and in that neighborhood. Most of

these undulations are so slight as not to make their detection on the

surface possible except by a very careful instrumental survey. Toward

the north line of the township, on the East Pork, some quite deep wells

were bored and a little oil obtained, but not in remunerating, quantities.

Salt.—It is almost certain that brine of good strength may be obtained

almost any where in this township by boring wells. On the West Fork,

in Aurelius township, and in Noble county, brine has been obtained in

the oil wells. In Noble county salt works have been established. Should

the making of salt be found a profitable industry, I have no doubt that

immense quantities could be made in Salem. Fuel at the minimum
cost could be obtained for the evaporation of the brine.

AUBELIUS TOWNSHIP.

This township lies directly north of Salem, on the West Fork of Duck
Creek. It differs from Salem little in the general character of its soil,

and the geological features are essentially the same. The lower Salem

coal, "the limestone seam," was no where seenjn good development, and

probably it thins out to the northward; but the upper and larger seam

of coal is to be found. . On the land of Hugh Jackson, near the south

line of the township, this coal has been opened and mined. Where our

measurement was t^ken the seam presented the following structure :

It. In.

Coal 1 9

Fire-clay 3 4

Coal 3 4
(See Map XI., No. 18.)

This is an unusual thickness of the middle clay, and makes the mining

of the coal difficult. Further north the lower bench of coal attains a
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thickness of six feet, and the seam is found every where at its proper

horizon in the hills bordering the creek. The tendency of the coal is

to grow thinner westward and thicken to the north-east, but there are

doubtless many local exceptions. The Ohio Coal Company has opened

a valuable mine in the hills east of Macksburg, where the seam is six

feet thick. The mine is probably in Enoch township, in Noble county.

The coal is,shipped to Marietta by railroad. The coal is of good quality

for domestic use and for the generation of steam. It has also been used

largely and with acceptance in the Marietta rolling-mill. It is a coal of

good heating power. It is easily mined, and can be furnished in Mari-

etta at very reasonable rates. The people of Marietta have found the

great advantage of a regular railroad supply of coal from 'Duck Creek

coal field over the precarious supply of the Ohio River. Manufactures

of all kinds in which cheap fuel is a principal factor can be established.

•^Scdt.—Besides the abundant coal, an unlimited supply of good brine

for the manufacture of salt can be obtained in this part of the Duck

Cre'ek valley. On the flat be]^^M-ac^sbur^a_cpar§e_aan^bQ3(^CQntain--

ing brine is reported to be struckjn the. oil-wells at nineiyfeet below the

surface, but a more copious supply is obtained in another sandrock three

hundred and eight feet below the surfaceV Deeper borings should strike

the Upper Waverly sandrock, from which abundant supplies of brine

are~6"btained at Pomeroy and other; parts of the State.

The record of a deep well bored by Mr. Blauvelt, given hereafter,

shows that the upper Waverly contains brine. It is always difficult to

determine the strength of brine in any of these wells unless the fresh

water, which enters almost all wells, be tubed off. If extensive mining

of the coal should be carried on in Aurelius, the fine, or slack coal, which

is not merchantable, could be profitably used in boiling salt. At many
places in the State refuse coal is exclusively used in the salt works.

Petroleum—Aurelius township has heretofore furnished large quantities

of excellent petroleum. One of the earliest wells bored in 1860, on the

land of James Dutton, Esq., yielded many thousand barrels of heavy

lubricating oil.. It was only fifty-six feet deep. The daily yield at first

must have been, from the reports, from one hundred to two hundred bar-

rels. This well caused no little excitement, and many other wells were

bored, many of which yielded remunerative returns. The Buell well,

named from the Hon. B. P. Buell, of Lowell, one of its owners, has pro-

duced oil steadily for seven or eight years, and yet averages five barrels

a day. The Mattison well is reported to have yielded an average of

fifteen barrels a day for eight months. Other wells yielded considerable

quantities. But most of this oil was produced before the Marietta, Pitts-
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burgh, and Cleveland Eailroad was constructed, and the expense to

wagon it over bad roads caused the business to languish. Now the rail-

road is finished, the excessive product in Pennsylvania, and the ex-

tremely low price, render, for the time being, operations of this kind

uninviting.

But I have no doubt that there are large quantities of excellent oil

in the subterranean fissures in Aurelius awaiting the drill and the

pump, and it will be a source of wealth to those who will conduct their

business wisely and economically. A well has recently been bored by

Mr. Rice, a little east of the Buell well, which yields one hundred and

fifty barrels a day, and another larger well has still more recently been

obtained in' the same neighborhood. During the great oil excitement

the speculation in oil lands was the principal thing, and the production

of oil was of secondary consequence ; and quite too often the superin-

tendence was intrusted to persons of no knowledge or experience, who

sometimes wasted in a most 'extravagant manner the funds of their com-

panies. Duck Creek valley was a theater of the wildest speculation.

But wells like the Buell well, although small, have been managed in a

prudent way, and«have yielded handsome returns upon the investment.

A deep well was bored near Macksbufg by Mr. J. C. Blauvelt, agent,

who has kindly sent me the following record of the strata passed through

:

Feet.

1. Soil to the bed rock 17

2. Sandrock containing heavy oil (28° gravity) ..
;

96

3. Interval not reported 89

4. Soapstone (clay shale) 185

5. Coal, 2 feet thick 188

6. Soapstone 190

7. Limestone and bastard rock 260

8. Sandrock 340

9. In this sandrock struck salt water at 420 feet, a gas vein at 436

feet, and oil at .'. 460

10. Smut rock containing black carbonaceous matter 480

11. Oil show „ 732

12. Black sand
'.

786

13. Oil show 796

14. Gray, rock ..'. 828

15. Black sand 840

16. White sand 855

17. Gray sand 870

18. Salt water '. 874.

19. Fine white sand 906

20. Coarse blue sand .'.' 1,010
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Feet.

21. Oil and gas 1,020

22. White sand 1,028

23. Coarse blue sand : 1,034

24. Fine white sand 1,044

25. Black sand 1,077

26. Slate '. 1,079

27. Slate
'.

1,114

Mr. Blauvelt gives the record of another well bored by him within

two hundred yards of the deep well, as follows

:

Feet.

" 1. Soil to the rock 30

2. Sandrock (first sandrock) „ 58

3. Blue sandrock -. 250

4. Sandrock 269

5. Soapstone 280

6. White sandrock (second sandrock) « 310

7. Oil : 375

8. Coal : 378

In the deep well the sandstone, four hundred and forty-one feet thick,

struck at a depth of six hundred and thirtyreight feet, is, I have no

doubt, the Waverly. The thirty-five feet of slate at the bottom of the

well may be the top of the Ohio black slate (Huron shale), or, possibly,

it is a slate interstratified with the Waverly near the bottom. A slate

sixteen feet thick is found in the lower Waverly on the Ohio River, in

Scioto and Adams counties.

Iron Ore—Iron ore of excellent quality is often found in this and adja-

cent townships. It is always in nodular form, and is derived from the

disintegrated clay shales in the hill sides, from which it is washed out.

Sometimes very large nodules are found. It is often difficult to trace the

ore to its original bed, but where I have succeeded in doing this the

nodules are too few to warrant drifting into the shales for them. Doubt-

less other and better localities will be. found where drifting may be

profitably done. The following is an analysis, by Prof. Wormley, of a

sample of the ore from the farm of James Dutton, in this township :

Specific gravity , 4.554

Water combined 1.20

'- Sesquioxide of iron 78.90

• Alumina '.

7.70

Silica and insoluble matter 10.60

Sulphuric acid 0.25

Phosphorus A ..;... 0.00

Total U 98.65

Metallic iron 55.48
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This is a rich ore, and would make an iron adapted to Bessemer steel.

If it can be found in adequate quantity it will be of inestimable value.

FEARING TOWNSHIP.

This township is situated on Duck Creek, by the waters of which it

is drained. The largest of the affluents of Duck Creek in the township

is Whipple's Run/which rises in the north-western part of Lawrence

township. The land is hilly, but in. the valleys and on the hill-sideB

the soil is good. As a rule, the soil is less fertile on the ridges. There

is less limestone in the hills than in Salem township, on the north. The

so-called'Jlimestone coal, the equivalent of the Pomeroy seam, is found

in the northern part of the township, near the mouth of Whipple's Run,

and in that vicinity. Here it has been mined to some extent for neigh-

borhood use, and formerly it was taken by the plank-road to Marietta.

On Whipple's Run the coal is part cannel, while three-quarters of a mile

below, where it was taken in low water in the bed of Duck Creek, near

Mr. Flanders's, it is reported to have been entirely bituminous. This

seam of coal in this vicinity well illustrates the changes which some-

times take place in the character of the coal in short distances. In the

bed of the creek it is the usual bituminous variety, while as we go north

a part of the seam is changed into cannel—perhaps in some places it is

all changed, but when we reach the neighborhood of Salem village it

is found to be bituminous again. If we adopt the better theory of the

origin of cannel coal, there was here a portion of the old coal marsh, in

which a part of the vegetation was so changed, probably by maceration

in water, as to lose its structure and become a mere mass of vegetable

mud or muck. This muck, when buried and compressed and bitumin-

ized, forms the cannel coal. Unfortunately with this vegetable mud
there was commingled other mud in the form of clayey sediments, and

thus the cannel coal now contains a larger quantity of ash than could

come from c©al formed of pure vegetable muck.

Analysis op Cannel Coal of Whipple's Rto.
Specific gravity 1.500

Water : 1.00

Ash 26.00

Volatile combustible matter 31.00

Fixed carbon 42.00

Total 100.00

Gas per pound in cubic feet, 2.73.

Ash, gray. Coke, pulverulent.

Several years ago, when coal-oil. was distilled from cannel coal, and

before wells were bored for petroleum, a small experimental oil distillery
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was established on Whipple's Run, and some oil was made from this

cannel coal. The coal was not very rich in oil, and the location was

remote from market. Soon after, however, petroleum was obtained in

great quantities from wells, and all the "coal-oil" distilleries, however

well situated, were obliged to succumb.

The "limestone coal" dips pretty rapidly to the south, passing below

the bed of Duck Creek, near Mr. Flanders's, and is not seen again in the

township. At the Cedar Narrows bridge the limestone group, with its

coal seam, was passed through in boring for oil, at a reported distance

of thirty feet below the surface. The group reappears in Lawrence town-

ship, brought up in the Cow Run uplift, and in Newport in the Newell's

Run uplift. We should expect that the upper coal, the " sandstone seam"

of. Salem, would be found over a large area in this township. Its place

is about eighty-five to ninety feet above the lower. Traces of it are seen,

but it is generally very thin. It is found just north of the township

line in Salem, where Mr. S. J. Hazen has mined it in the hill at the

head of Pigeon Branch of Whipple's Run. It should be found on the

main run, it being very easy to ascertain its proper horizon from the .

limestone group and the lower coal. A stain of the coal of the seam

was once observed in a bank of the railroad a mile or two below Cedar

Narrows bridge. The exact point was not noted, but it was where the

southern dip would naturally bring it. No coal was seen on the west

side of Duck Creek except a trace of the "sandstone seam." On the west

side of the ridge, between Duck Creek and the Muskingum, on the land

of B. P. Dyar, in Muskingum township, the coal of the Hobson seam was

found one hundred and fifteen feet above the bed of the Muskingum. The

place of the seam is about one hundred feet above the " sandstone seam."

But this seam was not noticed on New Year's Run, on the eastern side of

the ridge. At Stanleyville we find in the bank of the creek, below the

mill, a considerable body of limestone ten or twelve feet thick, and a few

feet over it a very thin seam, of coal. Under the limestone is a consider-

able body of red clay shale fifteen or twenty feet thick, with a layer of

limestone eight inches thick near the middle. This red shale rests upon

a heavy sandrock, which forms the bed of the run. It is difficult to de-

termine the exact stratigraphical position of the Stanleyville limestone,

because there is no certain geological horizon or datum line with which

to connect it. On the Muskingum River, at Mr. Dyar's, in a north-west

direction from Stanleyville, there is a body of somewhat similar limestone

eight feet thick, sixty -five feet above the Muskingum River. If our de-

terminations there are accurate, the place of this limestone is about fifty

feet above the horizon of the " sandstone " seam of coal. The same lime-
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stone is seen on the north side of March Bun Hill, toward the foot of the

hill. If this limestone continues eastward to Duck Creek with the usual

dip, it would appear on Duck Creek at Stanleyville. The same Stanley-

ville limestone is seen on some of the eastern tributaries of Duck Creek.

On Killwell Run, on the farm of Lewis Dowling, the limestone is well.

seen. Here the following section was taken :

«. In.

1. Chocolate-colored shale, with coal plants.

2. Sandstone 3 6

,3. Slate, hlue and brown 6

4. Sandy, calcareous nodules 6

. 5. Shale 5

6. Coal 6

7. Clay 5

8. Coal 10

9. Fire-clay 3 6 '

10. Sandy shale 6

11. Sandstone 6

12. Blueclay 1 3

13. Limestone, not measured, probably 10 to 12

Bed of stream.

Passing over the ridge to the south-east into Lawrence township, we
find on Little Eight-Mile Run, about a third of a mile from its mouth, a

similar body of limestone. The " sandstone seam " is found at Guyton's

Mill, at the mouth of Little Eight-Mile Run, on Little Muskingum, un-

der the heavy sandrock. No measurement was made of the interval, but

I should think the limestone to be about fifty or sixty feet above the

" sandstone coaL" These observations would tend to verify the other.

MARIETTA TOWNSHIP.

This township is situated on the Ohio River, and embraces within its

limits the mouths of the Muskingum and Little Muskingum rivers and

Duck Creek. The shape of the township is such as to give a very large

frontage on the Ohio, and, consequently, a large area of the rich soil of

the immediate valley. The valleys of Duck, Creek and Little Mus-

kingum are much narrower. The township is generally hilly, as are

almost all townships bordering on the Ohio River. The city of Marietta

is built in part upon a Drift terrace, and in part upon the alluvial

ground bordering the Ohio and Muskingum rivers. The terrace is a high

and beautiful one, affording a dry soil, and is admirably fitted to be the

site of a town. Terraces of about the same level are seen upon the

opposite side of the Muskingum, a mile and a half above Harmar, and

on the West Virginia side of the Ohio. A very extensive terrace is

found in the upper part of Marietta township, above the mouth of the

Little Muskingum River. All these terraces tell a tale of very high
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water in these rivers, and of the formation of large sand banks and

sandy flats. The terrace in the city of Marietta contains an interstrati-

fied layer of blue clay, which appears on Putnam street. It is said to

form the retentive bottom of the well of Col. John Mills, and reveals

itself by springs at several points. This terrace, at the confluence of the

Muskingum and the Ohio rivers, presented attractions to the ancient

Mound-builders, and the extent and character of the earth-works they

have left show that they once had here a populous fortified town. The

views from Harmar Hill, College Hill, and other high points around

Marietta, are almost unequaled for their beauty.

There is very little, of interest or of economic importance in the

geology of tbis township. A thin seam of coal is found in the hills, but

it has never been found thick enough for profitable mining. It is seen

on College Hill, and was passed through in the well of the Hon. W. P.

Curtis. It is seen on the roadside a little east of town. Probably

the same seam of coal is in the hills between Duck Creek and the

Muskingum River. The latter has been opened on the county infirm-

ary farm, and at several points near the Muskingum River. If it is

the equivalent of the seam under the heavy sandrock below Harmar

—

the Hobson seam—the place of which is about one hundred, feet above

the Cumberland, or upper Salem coal, it rises gradually to the east,

afiected, perhaps, by the Cow Run uplift. On the hill, perhaps a mile

or a mile and a half east of the Farmers' bridge over Duck Creek, it is,

by barometer, one hundred and forty-six feet above the bridge. It is

very difficult to determine the exact stratigraphical position of this coal,

since . it is almost impossible to connect it with any known stratum or

any ascertained datum line from which measurements can be made.

Sandstones, shales, and even the non-fossiliferous limestones, are so vari-

able that little dependence can be placed upon them for accurate deter-

mination. There are in the township large deposits of sandstone, but it

must be selected with some discrimination, if it is to . be used for build

ing purposes. On College Hill an old quarry was extensively worked

in the earlier history of the town. Of late years the favorite building

stone has been obtained in quarries in Harmar and in Warren. In the

hills we find much of the dark, chocolate-colored clay shales, which often

contain considerable lime. Some of these shales contain impressions of

ferns. At the foot of College Hill such impressions are very abundant.

LAWRENCE TOWNSHIP.

This township lies south of Liberty and east of Fearing townships.

The Little Muskingum River runs diagonally through the township

from the north-east to the south-west. The principal tributaries on the
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north are Fifteen-Mile Creek and Morse Run, while those on the south,

or south-east, are Archer's Fork, Bear Run, and Cow Run.
We have seen that in Liberty township, as well as Salem, the strata

have a decided southern dip ; but we find in this township a marked
change, produced by the forces which elevated the Cow Run uplift.

This uplift, which will be more particularly noticed hereafter, passes

northward, gradually diminishing or flattening, but showing on Morse
Run and its branches the well-marked characteristics of an anticlinal.

The strata, followed from the north, are seen gradually to rise on the

back of this anticlinal swell, at the same time dipping on either side of

it to the east and west.

On Fifteen-Mile Creek, at Burning Spring, the anticlinal feature is

scarcely perceptible, but there is doubtless such an undulation as has

caused subterranean fissures, from one of which the gas of the Burning
Spring emanated. Such fissures also generally contain oil, and some
good wells have been obtained in this region ; but so slight are the sur-

face indications of the subterranean disturbance, that it* is impossible to

determine beforehand just where the greatest fissurings of the rocks,

and, consequently, the more probable locations for oil wells, may be.

F. W. Minshall, Esq., of Marietta, who to an unusually full and dis-

criminating knowledge of the geological relations of the petroleum of

Washington county adds large experience in the practical production of

oil, informs me that he has not been able to find any well-marked anti-

clinal in the region of Burning Spring, on Fifteen-Mile Creek.

A very carefully conducted series of levelings with instruments more
accurate than Locke's level or the Aneroid barometer, might possibly

show where the undulations are the sharpest, and where the oil would be

most probably found, if at all. It is, however, doubtful whether any
very valuable results would be secured. In a region of so very slightly

disturbed condition, there is no authentication of oil territory so good as

the wells themselves. Further south, on Cow Run,- the anticlinal; or

" break," as it is popularly termed, is very manifest, and intelligent oil

men have long been guided-by it.

On Little Morse Run we find the traces of the Cow Run uplift, for

there is an apparent westward dip. This is seen on the land of D. Baker,

section 27. Here the upper Salem, or Cumberland, seam of coal is found.

A geological section here is as follows :

x It In.
1. Heavy sandrock (not measured).

2. Blue clay .\ 1 6

3. Coal : 1

4. Clay .'.'

, 3

5. Coal l 4

6. TJnderclay, shales and sandstone to the bed of Little Morse Run .... 22
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Another section on the. same stream was found to be quite similar, and

at no point was the coal thick enough for profitable mining. To the

east the coal grows thicker. On the land of Amos Dye, 2d, between

Little Morse Run and Morse Run, we find the coal in four distinct layers

separated by clay. The section here is as follows :

M. In.

1. Coal
'.

3

2. Not seen, except sandstone at bottom 40

3. Blue clay .2

4. Coal 4

5. Blue day 1 8

6. Coal '.. 4

7. Blue clay 1

8. Coal : 1 4

9. Blue clay 2 1

10. Coal 1 4

11. Clay (not measured).

The upper, thin coal is unusual, but traces of it are found in other

townships. On the main run, sometimes called, I think, the East Fork,

the seam is found to be from three and onerhalf to four and one-half feet

thick, and is here mined with success to supply coal to the oil works on

Cow Run. At the bank of Diarca Dye the coal seam at the outcrop is

three and one-half feet thick, with a very coarse sandrock directly over

it. At the bank of Wm. Carmichael, section 22, it is four feet thick.

At Esquire Martin's bank it is four feet. On John Pepper's land it

measures four and one-half feet. On the land of Mrs. Woemer the coal

is reported to be nine feet below the bed of Morse Run. Generally there

are a few feet of clay shale between the coal and the overlying sandrock,

but there are exceptions to. this. South of Morse Run the. strata along

the center of the uplift rise rapidly, and the coal under the heavy sand-

rock becomes much thinner. About one-fourth of a mile above Mr.

Reynolds's, on the Little Muskingum, this coal is only ten inches thick,

and one hundred and forty feet above the bed of the river. Here the

dip on either side of the anticlinal axis is very marked, but it is gen-

erally better seen on the western side. On Cow Run the " sandstone coal

"

is two hundred and forty-five feet above the bed of the run. Cow Run
crosses the uplift in a nearly east and west course, and has eroded its

channel to the usual depth of all the streams of the region, as deter-

mined by the natural drainage. We find, therefore, in the center of the

uplift on Cow Run strata not seen elsewhere (except in the Newell's Run
Uplift, in Newport township), for they are quite below the general strati-

graphical range of the county. If we may consider the lowest point
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geologically, i. e., the center of the uplift in the valley two or three rods

above the Perkins oil well No. 1, and form a section upward, we shall

find the strata in their order. If to the rocks not seen directly there we
add the higher ones found in their proper geological position in the hills

to the east, we shall have a complete and very interesting section, as

follows

:

It. In.

1. Yellow shale 25

2. Coal, Hobson seam , 1 4

3. Clay, " 4

4. Coal, " 8

6. Clay „., 1

6. Black bituminous slate . 10

7. Coal '.
, 1

8. Clay '. 3

9. Limestone '. 4

10. Not exposed , 18

11. Heavy sandrock.. '..*.... 60

12. Shale 10

13. Coal, " sandstone" or Cumberland seam (not measured).

14. Not exposed 75 >

15. Blue limestone •. 4

16. Buff limestone T ... 2

17. Limestones and shales 10

18. Coal, Pomeroy seam (not measured).

19. Notexposed ...t 98

20. Blue limestone 5

21. Notexposed ; 40 .

22. Bed of Cow Run. .

(See Map XII., No. 28.)

The upper coal, which is stratigraphically three hundred and thirty

feet above the bed of Cow Run in the center of the uplift, is found about

two miles east, and the actual level, by barometer,, shows it to be only

one hundred and nineteen feet above, so rapidly have the rocks on the

eastern slope dipped to the east. The western dip is also well marked.

In the center of the uplift the buff limestone group, with its coal, is

one hundred and fifty-three feet above the bed of the run. This group

dips below the bed of Cow Run about three-eighths of a mile west. If

to this we add eighteen feet for the fall of the stream, we have the whole

dip in this distance one hundred and seventy-one feet.

The heavy sandstone over the " sandstone " or Cumberland coal is

brought down to the bank near the mill-dam on the Little Muskingum,

just below the mouth of Cow Run. Under this rock the coal has been

dug. The upper coal of all, the Hobson seam of the western part of the
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county is found further down the creek, and probably continues through

Marietta township, it being, possibly, the seam found on the county

infirmary farm. While there are, then, eastern and western dips, there

is also the marked northern dip already referred to. If we stand on

the hill on the south side of Cow Run, in the center of the uplift, we
find by leveling across to the north side, a distance of about a quarter of

a mile, that the corresponding strata—the buff limestone, for example—,

are forty feet lower on the north than on the south side. Hence the

axis of the arch of the uplift dips rapidly northward, and of course the

arch soon flattens down and is lost in small undulations, generally too

small to be easily detected. The arch also, doubtless, flattens down to

the south, for on Eight-Mile Run, so far as I have examined, the anti-

clinal is not very strongly marked, and all efforts to obtain oil there in

any considerable quantity have failed. The following is a record of

strata in a well—the Greenback well—bored by Messrs. Curtiss and Min-

shall within the Cow Run uplift. The top of the well is about one

hundred and forty feet below the Pomeroy seam of coal

:

Ft. In.

1. Alluvial..... 22

2. Red and blue shales 74

3. Fossiliferous limestone 1 6

4. Yellow shale 18

5. Coal (no measurement).

6. Notgiven 20

7. First sandrock, oil rock of Newton well 30

8. Clay ("mud rock"), with nodular iron ore 4

9. Not known in detail, thin coal near the bottom 377

10. Sandrock ("cap rock"), with black grains 30

11. Sandrock, second oil rock 100

12. Sandy shale, dark colored 30

13. Shales and sandstones ." 125

14. Black bituminous layer, thin.

15. Shales and sandstones 130

16. Fine white sandrock 33

17. Conglomerate, pebbly white quartz 22

The oil has been chiefly derived from the two sandrocks, Nos. 7 and 11.

The Newton well—the first one bored on Cow Run—obtained its oil from a

fissure in the first sandrock, while many more recent wells extend down
to the lower sandstone. The oil is found in fissures, and these fissures in

our oil fields of Ohio and West Virginia are to be found along anticlinal

lines. Not at all points within the uplift, or " break," do we find oil.

There are many dry wells where oil was most confidently expected.

But generally, at Cow Run, while one is not sure in the most promising

32
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places, yet it is quite certain that he must follow pretty closely certain

lines. Any considerable variation from such general lines will necessi-

tate failure. The first well was bored here by Mr. John Newton and his

associates in 1860. They were first drawn to this region by an oil spring,

it is said. This well continued productive for eight or ten years, and
yielded many thousands of barrels of oil. Many other excellent wells -

have been obtained. The field is a very small one—perhaps not much
more than half a mile along the axis of the uplift, and probably less

than that on a line at right angles to the axis. Some years eighty

thousand barrels have been produced. No oil field in Ohio has been so

valuable as this. The Cow Run uplift is entirely disconnected from the

great "West Virginia oil uplift, which crosses the Ohio River a little

above the mouth of Newell's Run, Newport township. It is an entirely

independent uplift, doubtless, however, produced at the same time and
by the same forces which produced the one on Newell's Run, and, indeed,

caused all the undulations of the Coal Measure rocks in south-eastern Ohio.

'

When the uplift took place there were more or less subterranean cracks

formed, extending to great depths. In these fissures the oil from below

coming up in the form of vapor, from the distillation of bituminous ma-

terials underneath, accumulated. The cracks in the sandrocks remained

open—for the walls would not be disintegrated by water—and retained

the original oil, while the cracks in strata of clay shales, or "mud rocks,"

would, as water entered them, be filled with the mud of the disinte-

grating shales, and thus ultimately the oil would come to be found

chiefly in sandrocks. Whether there are now any unclosed fissures ex-

tending down to the prime sources of oil, so that the supply is con-

stantly accumulating, is doubtful. Wells are. often pumped with some

success after having been once exhausted, but the oil is doubtless brought

in from the connecting fissures in the same sandrock, and not from great

depths below. The fact that we find nearly all the oil imprisoned in fis-

sures in sandrock would imply that it is old oil.

There is a group of limestones on the bank about thirty feet above the

Little Muskingum, at the mouth of Fifteen-Mile Creek. When there

many years ago it was reported there was a seam of coal about thirty

feet above the limestone, while about one hundred feet above the lime-

stone was another seam under a sandrock, supposed to be the equivalent

•of the upper Salem, or " sandstone seam." During the progress of the

survey I had no opportunity to revisit the location.

On Bear Run a thin seam of coal—reported fifteen inches thick—was

seen on the land of Mr. Atkinson, section 2. This may possibly be the

Hobson seam, but its exact stratigraphical position could not be deter-
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mined without a laborious investigation of the dip in- this part of the

township, which the slight value of the coal seam did not warrant. It is

proximately in the line of the Newell's Run uplift, but it will be seen,

in the discussion of the geology of Newport township, that this uplift

flattens very rapidly to the north.

LIBERTY TOWNSHIP.

This township lies east of Salem and north of Lawrence townships.

The north-western part is drained by Pawpaw Creek—a branch of Duck

Creek—and the remaining portion is drained by tributaries" of Little

Muskingum River. The land is hilly, but the soil is 'generally good,

there being often considerable limestone in the hills.

The Salem "sandstone seam" of coal—the Cumberland seam—extends

quite generally through the township. It is almost every where of good

working thickness, and will afford an almost unlimited supply of fuel.

The quality of the coal is fair. The seam shows the usual clay parting,

which is quite variable in thickness. Over this coal is generally seen

the same heavy sandrock which is seen in Salem, on the East Fork of

Duck Creek. The seam is readily traced from the bank of Moses True,

Esq., along the waters of Crooked Run, where we also see the limestone

group with the lower or Pomeroy seam of coal, thirty-two inces thick,

into the high ridge which divides the waters of Crooked Run from Paw-

paw Creek. On the east side of this ridge, in the extreme horth-west

corner of Liberty, on a little branch of Pawpaw, we obtained the follow-

ing geological section :

Et. In.

1. Limestone (not measured).

2. Sandstones and shales (not measured).

3. Clay 3

4. Coal 1

5. Clay 1

• 6. Limestone 5

7. Sandstone and shale (estimated) 37

8. Heavy sandrock 50

9. Clay shale 1 to 2

10. Coal not seen in detail (reported) : 6

11. Fire-clay and clay shale 6

12. Sandstone.... 10

13. Limestone (not measured).

(See Map XL, No. 27.).

The upper seam of coal in the above section is the Hobson seam of the

western part of the county. The lower and thicker, seam is the sand-

stone seam, or the. Cumberland seam. On the land of Wm. Hamilton,
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near Germantown,.in section 23, the following geological section was

taken

:

' Ft. In.

1. Heavy sandroek (exposed) 22

2. Blueshale .' 8

3. Coal, Cumberland seam 2 6

4. Clay, " " 2

5. Coal, " " „ 2 10

6. Clay and shale 5

7. Limestone . 2

Bed of Pawpaw Creek. (See Map XI., No. 23.)

This is the Cumberland seam. In another coal bank, near by, the di-

viding clay is only ten inches thick. On the land of Edward Doyle,

section 16, the geological section is as follows :

Ft. In.

1. Heavy sandroek (exposed) 30

2. Shale 5

3. Coal, Cumberland seam 2

4. Clay, " " '.

» 1

5. Coal " "
, 2 3

On the farm of Henry Barnhardt, in section 8, in this township, a more

complete geological section was taken, as follows :

Ft. In.

1. Heavy sandroek, exposed 20

2. Shale 1

3. Coal, Cumberland seam 2

4. Clay, " 8

5. Coal, " 2

6. Underclay 2

7. Not exposed .-. 48

8. Limestone 2

9. Sandy shale 20

10. Limestone and magnesian limestone 5

Bed of stream. (See Map XL, No. 25.)

At other openings of the eoal in this section the seam presents about

the same measurements as at Mr. Barnhardt's.. The same coal is mined

along the banks of Fifteen-Mile Creek, in sections 7 and 9. In section 1, on

the land of Lewis Linchcomb, the following geological section was taken

:

i ,Ft. In.

1. Sandroek 15'

2. Shale •• 6

3. Coal, Cumberland seam 1 8

4. Clay,
" 1 2

5. Coal,
" 1 3

Near the south line of the township, in section 7, on Fifteen-Mile Creek,

I noticed many years ago a thin seam ,of coal, associated with a group of

limestones, about forty or fifty feet below the Cumberland seam. The
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coal is of no value, but ft indicates the horizon of a seam which in Bel-

mont county is worked. The general dip of the strata is to the south in

this township, but there are undulations which often vary the direction.

The dip is sometimes forty to fifty feet per mile.

NEWPORT TOWNSHIP.

This township lies upon the Ohio River, having Marietta township on

the west, and bordering Lawrence and Independence townships on the

north. It has. a long distance of frontage upon the Ohio, and, conse-

quently, contains a large area of the rich alluvial and terrace land of the

immediate valley. The Little Muskingum flows for two miles and a half

through the extreme north-western corner, and a considerable area of

the western part of the township is drained by Eight-Mile Run and Long

Run, both branches of that river. There are several small streams flow-

ing into the Ohio, of which, perhaps, the more important are Bell's, New-

ell's, and Dana's runs. The dividing ridge between the Ohio and Little

Muskingum is high, and the sides are often furrowed with ravines of

very steep banks, and of rapidly increasing depth. The small, streams

in these ravines are slowly eating away the ridge.

A mile back of Newport village is an interesting depression, extending

like a chord across the arc formed by the curve of the Ohio. ' Luring the

era of the high water of the Drift period the river, or a portion of it, flowed

through this depression, and deposited Drift sand and gravel. The hill

to the south once constituted an island. The river now flows on a rock'

bed. (

The western part of the township shows little of interest in its geologi-

cal structure. The hills are composed largely of shales and sandstones,

and belong to a series above the horizon of the Pomeroy and Cumberland

seams of coal. The Hobson seam should be in the hills, but it is doubt-

less thin. • The most remarkable feature in the geology of the township

is what is- termed the NewelPs Run uplift, a continuation of the great

West Virginia uplift. I first called the attention of geologists and others

to this line of uplift in an article in the American Journal of Science, July,

1860, having traced on foot the line, across valleys and over ridges, from

Burning Spring, Wirt couniy , West Virginia, north into Newport town-

.

ship, Ohio. It was found to be a line of gas springs, oil springs, and of

the few wells at that time obtained. Since that time valuable oil wells

have been found at many places within, but none without,
N
this so-called

"break." This anticlinal, toward the north, becomes a broad and flat-

tened arch, and gradually dies away. The same is true, as I have been

informed by General A.- J. Warner, of Marietta, to the south, beyond

Burning Spring, on the Little Kanawha River. The center of the uplift
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on the Newport side is at or very near the mouth of a little tributary

of the Ohio called Conley's Run. This is a little above the mouth of New-
ell's Run. In the immediate bank of the Ohio we find by far the lowest

rocks, geologically considered, in the county, for the bottom of this up-

lift is, geologically, about one hundred and sixty-five feet lower than the

bottom of the Cow Run uplift. The sandrock in which the old Newton
well, on Cow Run, found its oil, is here seen in the Ohio River bank.

The following section gives the lower strata near the mouth of Conley's

Run:
Ft. In.

1. Fossiliferous limestone 1 6

2. Yellow shales 18

3. Slaty coal 8

4. Olay and coal ..'. . 6

5. Fire-clay, light-colored 6

6. Coal 6

7. Notexposed 20

8. Sandrock, with some quartz pebbles, first oil rock of Oow Run 25

9. Iron ore adhering to sandrock 6

10. Blue clay shale, with nodules of iron ore 1 6

Level of water Ohio River. (This is the lower part of section No. 29, Map XI.)

The limestone No. 1 of this section is doubtless 'the equivalent of the

Cambridge fossiliferous limestone, which is seen in many counties, and

has its place about two hundred and thirty feet below the horizon of the

Pomeroy seam of coal. I have observed it nowhere else in Washington

county ; indeed, at no other point could we expect to find it except in

the Newell's Run uplift. .The thin coal found eighteen feet below this

limestone is found in other counties, always holding the same relation

to the Cambridge limestone. It is always thin, and of no practical value.

There is often a thin seam of coal a few feet above the limestone, but it

was not seen in the uplift. No very good exposures of the strata imme-

diately above the limestone, however, were seen, and no care'ful search

was made for it. It was not reported as passed through in the Cow Run
wells, while the seam eighteen feet below was found in its true place. On
the farm of Mr. Joseph O'Neal, between -Conley's Run and the mouth of

' Newell's Run, a well was bored by F. W. Minshall, Esq., the top of the

well being four feet below the Cambridge limestone. The following is

a record of the strata passed through :

Ft. In.

1. Sandstone 15

2. Coal, etc.. •• 1 6

3. Sandrock, believed to be the first oil rock of Oow Run 44

4 Red and blue shales'
.'

210

5. White sandrock, with a strong flow of brine from near the bottom.. 100



WASHINGTON COUNTY. 503

Ft. In.

6. Soft blue shale 25

7. Shale, with strata of black bituminous slate '. 75

8. Coal, black slate, and fire-clay 10

9. Hard sandrock, '' cap rock "
..; 20

10. Sandrock, believed to be the second oil sandrock of Cow Run 45

11. Black slate ; 10

12. Sandrock, a little oil in the lower part 45

There is a large flow of brine from the sandrock No. 5, forced up from

three to four times a day by gas. The coal—No. 8 of the section—is one

of the lowest coals of the Coal Measures. Probably the two lower sand-

rocks belong to the Upper Waverly. It is remarkable that in the four

hundred and fifty-four feet above this coal no other, seams should have

been found, for this space includes the proper geological horizons of some

of the most important seams of coal in the State—such as the Sheridan,

Nelsonville, Jackson Hill, and Anthony seams. It is evident from the

record of this well, and, indeed, from many other wells near the center

of our great coal basin, that seams so important along the western mar-

gin of the coal field have not extended to the middle of the field. The
conditions favorable to the growth and accumulation of the vegetable

materials for seams of coal appear not to have existed.

On the hill back of Mr. O'Neal's farm we find, one hundred and thirty-

six feet above the Cambridge fossiliferous limestone, another body of

hard blue limestone, about six feet thick. This is the limestone seen in

the bed of Newell's Run, at the forks of the stream, near Basil "William-

son's house. This limestone is ninety-eight feet below the Pomeroy

seam of coal, here associated with the buff limestone group. About forty

feet above the limestone; a little above Williamson's, on Newell's Run,
is a very thin seam of coal. We find traces of this seam in other coun-

ties. It is probably the equivalent of the Jeffers coal in Gallia county.

The center of the uplift is found a little east of Williamson's, on Kerr's

Run—a branch of Newell's Run—where the lower limestone is eighteen

feet above the bed of the run. There is here, therefore, a western dip.

On the land of Samuel Kerr, on Kerr's Run, in section 5, we find the

Pomeroy seam of coal, with the overlying limestone group, in the bed of

the stream. A geological section taken here is as follows :

vt. In.

1. Heavy coarse sandrock, in places conglomerate 60

2. Shale 10

3. Coal, Cumberland seam, seen on Newell's Eun 1 9

4. Not exposed 45

5. Heavy sandrock, laminated with false bedding 25

6. Clay shale..„ 5
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It. In.

7. Blue limestone 4

8. Buff limestone '. 2

9. Blue limestone and shales 10

10. Coal, Pomeroy seam (not measured).

11. Underclay, "

Bed of Kerr's Bun. (This is the upper part of section No. 29, Map XI.)

At this point we are well on the eastern slope of the uplift. Prom a

point three-eighths of a mile below, on the stream, it was found that the

dip in this distance was one hundred and two feet. This is not the

measure of the greatest dip, for the valley here runs in a north-west and

south-east direction.

On ascending a branch west from Williamson's the western dip is

very marked. This is seen on the land of H. Pegg. Besides the eastern

and western slopes of the uplift, we find, as at Cow run, that the top of

the anticlinal arch gradually sinks down and dies away to the north-

ward. Near the center of the uplift, on the Ohio, the same limestone

which is seen eighteen feet above the bed of Kerr's Run, also near the cen-

ter of the uplift, is two hundred and two feet above the water of the Ohio.

It is probably not more than a mile in a straight line. If we allow

eighty feet for the fall of Kerr's Branch and Newell's Run, we have one

hundred and twenty-two feet of northern dip. North of Williamson's,

as we ascend Newell's Run, the dip of the strata to the north was ascer-

tained to be proximately one hundred and twelve feet per mile. This

carries the Pomeroy coal, with its associated limestone group, below the

tream, and higher up the Cumberland seam under the heavy sandrock

goes under. The latter coal has been opened and mined a little. It

measures twenty-one inches in thickness. Higher in the hills, at the

head of the run, is the Hobson seam of coal, the place of which is ninety

to one hundred fee't above the Cumberland seam.

The axis of the Cow Run uplift in Lawrence, if produced south, would

about three and a half miles west of the center of the Newell's Run
up f

t. Wells bored for oil in Newport have not generally been successful.

Th ^ticlinal arch is so broad'and flat that it is very difficult to deter-

mine a forehand just where the largest subterranean Assuring of the

rocks may be. Wells have been bored in the center and on either slope,

some of them very deep, but no large reservoirs of oil have been struck.

At some points in West Virginia, by a careful study of the "break," as it

is called, I was enabled to predict, upon the position of the rocks on the

surface, where the large oil fissures must almost necessarily be found, and

these predictions were abundantly verified. But in Newport the same

, break," or uplift, so flattens and fades away that I have found it impos-
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sible to make similar predictions. And yet I have no doubt that there

are beneath the surface large quantities of oil.

East of Newport village, on the bank of the river, we find the Cumber-

land seam of coal under a heavy sandrock. In the Narrows, below the

village, this sandrock is four hundred feet above the water of the river.

Nowhere in Newport have I seen the coal under the sandrock of much
promise. The Pomeroy seam is still thinner, and, probably, nowhere

worthy of mining.

INDEPENDENCE TOWNSHIP.

This township lies east of Lawrence and north of the eastern part df

Newport. It touches upon the Ohio River in the south-eastern portion.

The eastern part is drained by Sheet's Run and several others which

empty into the Ohio; and the western chiefly by Archer's Fork of Little

Muskingum. The township is quite hilly. There is no valuable devel-

.

opment of coal, although the Cumberland and Hobson seams are found in

their proper horizons^ but always thin^ In section 3, on the land of John

Goodrich, on the run, about two miles above the Ohio, was found the Hob-

son coal. The whole section here is as follows :

Ft. In.

1. Coarse heavy sandrock 30

2. Not exposed 22

3. Sandrock, laminated in places 40

4. Shale '.

, 27

5. Sandrock , 10

6. Sandy shale, with nodules of iron ore 3

7.' Shale :

v

. 3

8. Coal, Hobson seam 1 3

(See Map XI., No. 32.)

On the land of Joseph Chris, section 13, on Davis Run, the Cumber-

land seam of coal was found. The following is a geological section

there

:

Ft. In.

1. Sandrock 15

v
2. Shale, and no? seen 25

3. Sandrock : 10

4. Shale ..: 40

5. Coarse sandrock 24

* 6. Sandy shale 6

7. Blue shale .... 6

8. Slate, with streaks of coal 1

9. Coal, Cumberland seam 1

10. Clay, " " 1 6

11. Coal, " " .....'.'. 8

(See Map XI., No. 33.)



506 GEOLOGY OF OHIO.

The same eoal with that of the above section is found and. mined in a

small way at other places, and on other runs. A buff limestone is some-

times found, but it is not persistent, as it is in places replaced by heavy

sandstone.

^
LUDLOW TOWNSHIP.

This township lies east of Liberty, and borders Monroe county on the

north. The Little Muskingum River flows through the township, en-

tering it near the north-west corner, and leaving it near the south-west

corner. Its course is very winding. The township is entirely drained

by it and its tributaries. Its geological features are essentially those of

Liberty, but with less coal.

On Wingett's Run, in the western part of the township, some sections

were taken, which show the Cumberland, or upper Salem, seam of coal,

and the lower Salem, or Pomery seam. The following geological section

was taken in section 34, on the land of Albert Ewing :

It. In.

1. White limestone 1

2. Shale 5

3. Limestone, white and buff 4

4. Red shale 27

5. Sandrock 12

6. Shale, with 5 inches siderite ore 6

7. Coal, Cumberland seam 2 2

8.' Clay and slate, " 1 10

9. Coal, " 1 8

10. Shale chiefly 12

11. Sandstone 4

12. Shale 28

13. White limestone 1

14. Shale 4

15. Buff limestone 5

(Map XL, No. 30.)

On the farm of Seth Adams, section 33, on Wingett's Run, both coals

were seen,
l
as follows :

'

Ft. In.

1. Limestone (not measured).

2. Shale 23

3. Heavy sandrock '...•. 23

4. Sandy shale ." 6

5. Coal, Cumberland seam > 8

6. Clay, " 2

' 7. Coal, " 2

8. Not well seen, but mostly shale...*. 45

9. Limestone 1
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It. In.

10. Shale .' 5

11. Limestone 3

12. Not seen > 6

13. Sandy shale 20

14. Limestone, in part cement limestone , 8 .0

15. Shale 2,

16. Coal, lower Salem, or Pomeroy seam 2 10

17. Not seen :
.* 11

18. Limestone , , 2

(See Map XL, No. 31.)

Another geological section was obtained on the same run, in the same

section, showing the lower coal, as below :

Ft. III.

1. Sandy shale >

'. 12

2. Limestone, partly cement stone 7

3. Shale ?. 2

4. Coal, lower Salem, or Pomeroy seam > : 2 10

5. Not seen 11

6. Limestone (not measured).

The coal is opened at several points on Wingett's Run. The dip is

probably from thirty to forty feet per mile, to the south, but the exact

direction of the greatest dip was not ascertained. From all the measure-

ments of the upper, or Cumberland, seam of coal on Wingett's Run, it

appears to be thinner and of less importance than in the townships to

the west.

At Bloomfield, in section 21, the following geological section shows the

lower Salem, or Pomeroy seam

:

Ft. In.

1." Sandrock 20

2. Shale r 3

3. Limestone, 'some of it cement stone 8

4. Shale ;.'.
! 3

5. Coal '.

1 2

(See Map* XL, No. 34.)

Here the lower coal is thinner than on Wingett's Run.

GEANDVIEW TOWNSHIP.

This township lies upon the Ohio River, above Independence, and ex-

tends to the Monroe county line. The drainage is chiefly into the Ohio

River by small tributaries, although a small area on the western and

'

north-western part is drained by branches of the Little Muskingum. It

has a long stretch of frontage on the Ohio River, and, consequently, con-

tains much fertile land. Back from the river the land is quite hilly.
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The geological features are quite similar to those of Independence town-

ship, with similar sandstones and shales, and with traces of the upper

coals.

On the land of C. W. Talbot, section 8, a geological section was taken

:

Ft. In.

1. Sandrock 23

2. Shale : 9

3. Coal „ 1 2

4. Slate, with streaks of coah , 2 10

5. Coal 1

6. Not exposed v 150

7. Blossom of coal.

8. Not exposed 18

9. White and buff limestone (not measured).

10. Hard, greenish, flinty sandstone 3

11. Interval to Ohio River 65

(See Map XL, No. 35.)

If the coal—No. 7 of the section, of which only the blossom was seen

—

is the Hobson seam, then the upper coal, one hundred and fifty feet

higher, is the equivalent of one of the seams found in Monroe county.

There should be another seam between, but the intervening strata were

not exposed. It may not, however, exist here. If No. 7 is the outcrop

of the Cumberland seam, then the upper seam is the equivalent of a

seam found in Jackson and Benton townships, in Monroe county. The

latter is-the more probable grouping.

JOLLY TOWNSHIP.

This is a small township, situated directly north of G-randview, and

adjoins Monroe county. It is hilly and broken. It is drained by small

streams flowing directly into the Ohio River. The mineral resources of

this township are quite limited, so. far as could be learned. The only

place where coal was seen was on the land of Eli Eddy, in section 11.

The following section was taken at this point

:

St. In.

1. Sandstone 7

2. Shales 7

3. Coal, upper part slaty 3 6

(See Map XI., No. 36.)

The stratigraphical position of this coal, as given oh the map, is per-

haps not -the true one, it being very difficult to decide its true place with-

out more time than could be devoted to the work. The same seam will

be found through the region in its proper geological horizon. We vis-

ited the only exposure that we could hear of.



CHAPTER LII.

REPORT ON THE GEOLOGY OP NOBLE COUNTY.

This county is quite irregular in outline. It is bounded on the north

by Guernsey, on the east by Belmont and Monroe, on the south by Wash-

ington, and on the west by Morgan and Muskingum. The southern part

of the county is drained by the waters of Duck Creek, which flows south

to meet the Ohio at Marietta, and the northern part by the waters of

Will's Creek, which flows northward and empties into the Muskingum.

The soil in the valleys is generally rich and productive, and in many
townships are abundant limestones, which greatly enrich the soil of the

hill-sides.
-

The county lies wholly within the Coal Measures, and is rich in coal.

The high lands almost every where contain the upper Salem, or Cum-
berland seam, and the Cambridge seam is known to exist beneath the

surface/in fine development in the northern part of the county. Some
excellent iron ores have been found at different points. Brine for the

manufacture of salt will be found almost every where by boring, and

salt can be made cheaply.with the small and refuse coals of the mines.

Petroleum in considerable quantities has been obtained in the southern

part of the county. Now that a railroad has been constructed through

the Duck Creek valley^ we may hope for a large increase of production

of oil whenever the price will render production remunerative. The
Marietta, Pittsburgh and Cleveland Railroad, extending through the

whole length of the county from south to north, is destined to prove of

incalculable benefit to the people of the county by aiding the develop-

ment of their vast mineral resources.

BKOOKFIELD TOWNSHIP. I

This township lies in the north-west corner of the county. The land

is generally high, and the water drains in several directions. In the

north-west part the streams flow northward into Will's .Creek, on the

east they flow into Duck Creek, and in the' south-western part into a
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tributary of the Muskingum. The high lands are unusually rich and

fertile, from the abundant limestone.

The Cumberland seam of coal seen at Cumberland, in Guernsey county,

a little north of the Brookneld township line, has been traced into Mus-

kingum county, where its relations to the Pomeroy seam are ascertained.

This appears on Map No. X., accompanying Vol. I. of the final report

of our survey.

A mile south of the village of Cumberland we find, in Brookfield town-

ship, the Cumberland seam of coal at the mines .of H. C. Hunter, Esq.

In i;he hills south or south-east from these mines a section was takeji,

revealing the limestones and other strata above the coal. Other sections

were taken to the east of Cumberland, showing the strata for two hun-

dred and thirty-five feet below the coal. In. a south-east direction from

Cumberland the coal seam was found for three miles to rise at about the

rate of thirty feet per mile. The full section taken near the north line

of Brookneld township and in that vicinity is as follows :

It. In.

1. Limestone 2

2. Not exposed '

, 19

3. Limestone T. 1 6

4. Not exposed 10

5. Limestone 1

6. Shale 15

7. Limestones and shales 25

8. Not exposed 10

9. Sandstone 10

10. Shale •. 10

11. Coal ; 1 6

12. Slate parting, one-half inch.

13. Coal 1 2

14. Slate parting, one-half inch.

15. Coal....°. 1 10

16. Not seen '. 3

17. Limestone ." 2

18. Not exposed .\.... 31

19. Sandstone of good quality, quarried
,

15

20. Not exposed 30

21. Buft limestone 1 6

22. Not exposed 15

23. Coal blossom.

24. Interval to Ames limestone 136

(See Map XII.', No. 7.)

Four samples of coal were taken from the Hunter bank for analysis

—

No. 1 from near the bottom, No. 2.from upper part of the lower bench,

No. 3 from middle bench, and No. 4 from top bench.
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No. 1. No. 2. No. 3. No. 4.

Specific gravity 1.451 1.440 1.372 1.393

Moisture 1.80 2.20 1.90 1.90

Ash 14.00 7.60. 11.00 16.50

Volatile combustible matter 32.60 34.40 34.10 32.10

Fixed carbon :. '51.60 55.80 53.00 49.50

100.00 100.00 100.00 100.00

o
.
Sulphur..- 10.24 6.94 4.66 4.11

" leftincoke Notdeter. 4.06 Not deter. Not deter.

Per cent, of sulphur in coke " 6.43 " "

Permanent gas per pound in cubic feet... 3.26 3.18 3.26 3.18

Oolorofash Fawn. Fawn. Gray. Gray.

Character of coke , Compact. Comp't. Comp't. Comp't.

The coal has too much sulphur and too large ash to he a first-class fuel.

SHAKON TOWNSHIP.

This township lies south of Brookfield, and borders Morgan county on
the west. It is chiefly drained by the waters of Olive Green Creek.

There is considerable limestone in the" hills, and the soil is generally

good. The Cumberland seam of coal is found in the high hills. In sec-

tion 1 the following geological section was taken :

It In.

1. Limestone ; 10

2. Not exposed \ 30 o

3. Coal, reported • 3 6

4. Not exposed 36

5. Sandstone, quarried for buildings v 10

6. Not exposed > >57

7. Sandstone .'.. 2

8. Notexposed 5

9. Impure limestone, swith clay 4

10. Hard limestone, burned for lime 6

11. Chiefly red shales 30

12. Limestone 1 5

(See Map XII., No. 18.)

The coal is quite high in the hill, and had formerly been mined at

this point. All the higher hills should take the coal. By barometer the

height of the coal above Caldwell is about three hundred and forty feet.

From Sharon the coal dips pretty rapidly to the south, reaching the

Muskingum River at Coal Run ; but to the east there is very little dip.

JACKSON TOWNSHIP.

This township is situated in the south-west corner of the county, and
borders Washington county on the south and Morgan county on the west.
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There is in this township, as in others to the north and north-west, con-

siderable limestone in the hills, giving fertility to the soil. The coal

of the Cumberland seam is found throughout this township, but it is not

generally as thick as at points farther east. . It is, however, well devel-

oped in some portions of the township. Going west or south-west from

Newburg, we find the1 summit at the cross-roads about three hundred

and seventy-five feet, by barometer, above the level of the Duck Creek

bridge. A geological section in that neighborhood gives the following

strata

:

Ft. In.
1. Summit at cross-roads.

2. Not exposed.. ; 67

3. Limestone, with one layer of porous, buff color 6

4. Sandstones and shales 53

5. Coal, Cumberland seam 4

6. Clay, " s 2

7. Coal " .... 3 6

8. Sandstones and shales ;„ 70

9. Limestone group, partly buff (not measured).

The place of the Pittsburgh, or Pomeroy seam of coal, is below the

limestone group—No. 9 of the section—but no trace of it was there seen.

The Cumberland seam has been opened on the land of John McGuire,

who, at the time of my visit, some years since, was mining about two
hundred bushels a day for the supply of oil and salt works in' the valley.

At Kieth's Mills, section 18, the coal is found to have rapidly dipped to

the south and south-west. Here the coal is three and a half feet thick,

and about forty feet above the bed of Olive Green Creek. Twenty-four

feet above the coal, three feet of buff limestone were seen. The coal is

mined to a considerable extent for local use. On the land of William

Taylor, section 15, the coal is six feet two inches, a fine development.

On Big Run, six miles above its mouth, Jacob Cassel has obtained coal

by stripping, and reports it from five to six feet thick. Further down,

on section 26, the coal is only three feet to three and a half feet thick.

The dip of the coal is about equal to the fall of the stream from Mr. Cas-

sel's down to its mouth. About two miles above the Muskingum the

limestones over the coal mostly disappear, and are replaced by a heavy
sandrock.

OLIVE TOWNSHIP.

This township lies north of Jackson and east of Sharon. It is trav-

ersed by Duck Creek, and contains a large area of rich valley land. Cald-

well, the county seat, is near the northern line of the township. The
Cumberland seam of 'coal is found on all the high hills, but generally

somewhat remote from the valley of Duck Creek.
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On the land of Leonard MeKee, near the east line of the township, we

find the coal with two deposits of limestone above it. The section is as

follows

:

It. In.

1. Group of limestone layers (not measured).

2. Not exposed : 25

3. Limestone .
(

, 2 ?

4. Coal : 1 8

5. Clay ._. 1 3

6. Coal, Cumberland seam ...j 5

The coal is, by barometer, a little over three hundred feet above the

Duck Creek bridge at Newburg. The coal is well developed in all the

"hills east of Newburg, and east of Macksburg, but is reported as less

thick on the highlands west of Duck Creek. On the hill west of Mr.

Fulton Caldwell's, on the land of Mr. Aranda Woodford, the same seam

of coal is reported to be three feet thick.

Here, by barometer, the coal is two hundred and ninety-five feet above

Blake's bridge. Above the coal, perhaps sixty or seventy feet, is the

usual group of buff and blue limestones.

The summit of the hill on the road near fm. G-oochnour's, two and

one-half miles south-west of Blake's bridge, was found, by barometer, to

be four hundred and twenty feet high. On the summit are shales, below

which is a layer of iron ore, perhaps three inches thick. Below this,

ten feet of red shales, succeeded by twelve and a half feet of limestones,

interstratified with shale.

On the land of Mr. Caldwell, about a mile below his house, we find

fifty feet of sandy shales, forming cliffs along the bank of Duck Creek.

These shales rise to the north, and underneath them appears a stratum

of limestone a foot or more thick, highly fossiliferous, which for some

miles rises faster than the stream. At a point once called "Soak'em"

it is more than fifty feet above the creek. Seven feet underneath the

limestone is a thin seam of coal. A geological section at this point is as

follows

:

m. In. -

1. Sandy shales (not measured). ^
2. Fossiliferous limestone, Cambridge limestone 1

3. Black sbale, fossiliferous 7

4. Coal ." 1

5. Clay shales—yellow above, red below 22

6. ' Clay, with nodular limestone 8

7. Shale '. 15 ~
0.

Bed of Duck Creek. (See Map. XII., No. 30.)

This fossiliferous limestone is, I have no doubt,, the Cambridge lime-'

stone, and is nowhere to be seen in the valley of Duck Creek south of,

33
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Olive township, it having dipped below the surface. It is brought to the

surface again in the center of the Newell's Kun uplift, in Newport town-

ship, Washington county. It has a very wide range through the Second

Geological District. There are two seams of coal which often accompany
it, one a little above and the other a little below. Sometimes we find

only one of these, but the regularity of the limestone and its parallelism

with the leading seams of coal in the district are to be attributed to its

relation to these two proximate seams of Goal. Its regular position in

the stratigraphieal series is rather a borrowed one from the seams of coal.

Being thus regular it forms a good datum line for stratigraphieal meas-

urements.

This limestone is seen at many points in the valleys in Olive town-

ship. A mile, perhaps, east of Caldwell it is in a double form, as follows :

'

Ft. In.

1. Shale 6

2. Gray fossiliferous limestone ., 10

3. Sandstone 10

4. Blue clay shale 1 3

5. Blue fossiliferous limestone 8

6. Blue calcareous shale 6

7. Coal 4

8. Underclay 2

Below Caldwell comes in a stratum of sandrock ten feet thick, which

is quarried for building purposes. This is below the limestone. In the

bank of a stream west of Caldwell, on the farm of Hon. A. Simmons, we
find some limestones and shales, with a little iron ore. The section is

as follows

:

Ft. In.

1. Limestone, with interstratified clays 12

2. Red clay shale 9

3. Nodular siderite ore ' 4

4. Reddish clay shale, with scattered nodules of ore 10

Bed of stream.

-v Nothing was seen in this township of the Pomeroy seam of coal, the

>place of which is about ninety feet below the Cumberland seam.

At the village of Olive a salt well was bored in 1814, which, in its out-

bursts of gas and outflow of petroleum, presented phenomena of great

interest, attracting no little attention. Dr. Hildreth, in the Geological

Report for 1838, writes that "the discharges of gas are tremendous, throw-

ing the water all out of the well to the height of thirty or forty feet.

These eruptions are attended by a flow of petroleum, which for the first

few years amounted to from thirty to sixty gallons at each paroxysm,

;
and returning at intervals of from two to four days. They are now less
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frequent, and the discharge of petroleum is about a barrel a week."

During the oil excitement from 1860 to 1865, the history of this well was _

often quoted in proof of the great value of this district as oil territory.

No good wells have as yet been obtained in the neighborhood.

At South Olive is a small salt furnace, where a small quantity of salt

is made from brine obtained from a well three hundred and twenty feet

deep. A sample of the brine was obtained and taken to Columbus for

analysis, but before the analysis could be made the -brine had been

changed by evaporation and other causes so as to make any exact deter-

mination of the original impossible. An analysis of the salt from the

Olive works will be found in another part of the report, with other sim-

ilar analyses.

NOBLE TOWNSHIP.

This township lies east of Brookfield and north of Olive. . It is drained

by the head-waters of the West Fork of Duck Creek. The fossiliferous

limestone, with a thin coal below it, seen in the neighborhood of Cald-

well, can be traced along the valley through this township. Near Mr.

Jennings's store the following section was taken

:

It. In.

1. Yellow clay shale • 15 o
2. Dark blue clay shale, with nodules of iron ore 12

' 3. Dark blue sandy fossiliferous limestone 4

4. Coal : 1

5. Olayand clay shale 15 o

In the hills west a fossiliferous limestone was seen, which, by barom-

eter, is about ninety feet above the coal in the above section. As the

Cumberland seam of coal is something more than three hundred feet

above the lower limestpne, there are probably few hills in the . township

high enough to contain the coal. There may, however, be some ; but ho
search was made for them. The lower coal is in some places thicker

than at Mr. Jennings's, and it has been mined a little for local use. On
a branch of Duck Creek, in the western part of the township, there is a

local thickening of the seam, reaching, as reported, from four to five feet.

Near the Hiramsburg Station, on the land of Mr. Gorby, we find the same
fossiliferous limestone seen further south, with a thin coal above it, and
some earthy iron ore. The section taken in a cut of the railroad, just

above the station, is as follows

:

It. In.
. - 1. Shales (not measured).

2. Earthy siderite ore, fossiliferous, from 6 inches to 3 feet.

3. Clay shale, fossiliferous 6
4. Coal 1 4
5. Clay and shale, not well seen .'.' io

6. Limestone, fossiliferous and ferruginous 1 6
(Map XII., No. 26.)
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A sample of the ore was analyzed by Prof. Wormley, with the follow-

ing result

:

Water 5.00

Silicious matter 26.75

Sesquioxide of iron .- 11.30

Carbonate of iron 13.31

Alumina 0.80

Manganese Trace.

Lime, phosphate 0.52

Lime, carbonate 37.30

Magnesia, carbonate 4.57

Sulphur 6.23

99.78

Metallic iron 14.34

Phosphoric acid 0.32

Between Hiramsburg Station and Ava Station Col. Teeters, of Cald-

well, to whom I am indebted for much intelligent aid, found some ore

(but not, I think, in place) of a much better quality, as seen by the fol-

lowing analysis

:

Water 12.85

Silicious matter, etc 20.04

Sesquioxide of iron 58.27

Alumina '. Trace.

Manganese 5.80

Phosphate of lime , 1.30

Carbonate of lime a 0.14

Carbonate of magnesia 1.21

Sulphur...., 0.10

99.71

Metallic iron 41.78

Phosphoric acid 0.60

The percentage of phosphorus is not larg'e, and the amount of metal-

lic iron is considerable. The manganese would make the ore valuable

for certain uses. Those interested should ascertain whether there is an

available quantity of this ore.

At Ava Station the same fossiliferous limestone, so often referred to,

was seen. At this place a test well was bored to reach the Cambridge

coal, which was, by report, found about one hundred and twenty-five feet

below the horizon of the limestone. The thickness of the seam was given

as six feet six inches. This is the proper place for the Cambridge seam,

and finding the coal verifies the conclusion previously reached from other
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data, that the fossiliferous limestone is the equivalent of the Cambridge

limestone, which, in the vicinity of Cambridge, is about one hundred

and twenty-five feet above the Cambridge coal. The existence of the

Cambridge seam at Ava is a fact of the highest importance. It can be

easily reached by shafts. From this point this very valuable seam will

doubtless be found to extend under all the high ground to the north,

which divides the waters of Duck Creek from those of Wills Creek.

This gives an extensive coal field, bordering the railroad, and tributary

to it, reaching from Ava to Cambridge.

BUFFALO TOWNSHIP.

,. This township borders Guernsey county, and has its principal drain-

age northward by means of branches of Wills Creek. Its south-western

portion is upon the southern slope of the divide, and is watered by the

head branches of the West Pork, of Duck Creek. The Marietta, Pitts-

burgh, and Cincinnati Railroad passes through the divide between the

two streams by means of a tunnel. The hills in Buffalo township are

probably not high enough to take the Cumberland seam of coal, and in

this region the Pomeroy seam has a slight development. The soil of the

township is rich from the limestone in the hills. At the " Notch," where

the railroad leaves the Duck Creek waters, the following strata were

seen

:

Ft In.

1. Sandstone (not measured).

2. Limestone 2

3. Not seen ; 20

4. Limestone 10

5. Not seen 6

6. Nodular limestone.^. : 5,0
7. Not seen , „ 25

8. Blue fossiliferous shale, with nodules of siderite ore 20 Q

9. Not seen 2 6

10. Blue fire-clay 10

11. Ferruginous limestone, fossiliferous (Cambridge limestone) 2

Bed of stream. (Map XII., No. 23.)

I have no doubt that the limestone at the bottom of this section is the

equivalent of the Cambridge limestone and of the fossiliferous limestone

at Ava Station. This would give us the Cambridge seam of coal at a

depth of about one hundred and twenty-five feet below the valley at the

" Notch." At Ava Station the, boring revealed the Cambridge coal, six

feet six inches thick, one hundred and twenty-five feet below the lime-

stone. We may justly infer.that this fine seam extends under Buffalo

township. This will give great value to the lands bordering the railroad.
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It must be remembered that the larger part of the coal of the world is

mined by means of shafts, sunk, often, to great depths. Here the sinking

of shafts would involve comparatively little expense, and the coal could

be brought to the surface directly upon the railroad. All the land would

be underlain by the coal, thus saving a large area of coal which, when
coal seains are in the hills, is lost from the erosion of the valleys.

SENECA TOWNSHIP.

This township of excellent land is situated in the northern part of the

county,v having Wayne township on the north and Buffalo on the west.

Its north-west corner touches Guernsey county. It is drained by Wills

Creek and its branches. A geological section was takea two miles west;

of Mt. Ephraim, which revealed the position of the coals and limestones.

In no case were the coal seams opened so as to admit of measurement.

The section is as follows

:

It. In.

1. Group oflimestones SO .

2. Not exposed '. 72

3. Blossom of coal (Cumberland seam).

4. Not exposed 4

5. Limestone '. 2

6. Not exposed 18

7. Coal, not opened (10 inches seen) .0 10 ?

8. Notexposed 60

9. Dark blue limestone, laminated, containing small bivalve shells

and coal plants ." 1 6

10. Notexposed , 18

11. Blossom of coal.

12. Notexposed 75

13. Fossiliferous limestone 1

14. Notexposed 17

15. Limestone, bluish : 1

16. Not seen ) , 46

17. Fossiliferous limestone (Ames or Salesville seam) : 2

(Map XIL, No. 3.)

' In section 38, in this township, the following section was taken

:

It. In.

1. Hard sandstone 13

2. Blossom of coal.

3. Underclay 5

4. Limestone 1 6

5. Not seen 4

6. Limestone and clay 7

7. Clay v ~ 6

8. Limestone ..: 1

9. Not seen 9

10. Limestone 8
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M. In,

11. Clay 3

12. Sandstone 2

13. Not seen , 6

14. Limestone ,
.' 10

15. Red shale 14

16. Limestone 1

17. Not seen > 15

18. Compact sandstone '. 30

19. Shale 1

20. Slaty coal 1 6

21. Clay 11

22. Coal, with two 1-inch partings, Cumberland seam 3 6

23. Clay i: 2
v

24. Not seen 18 '

25. Limestone 2

26. Not seen * 14

27: Sandstone 12

28. Not seen.... 82

29. Limestone 2

. (Map XII., No. 19.)

On the northern slope of the ridge between Seneca and Wills Creeks

the following section was taken, revealing considerable cement lime-

stone :

Ft. In.

1. . Sandy shale 8

2. Not seen 54

3. Shale .". 6

4. Nodular limestone 8

5. Shale 2

6. Limestone 10

7. Shale ...: s 14

8. Notseen 14

9. Coal (Cumberland seam) seen on north slope of hill.

10. Notseen 59

11. Laminated sandstone 3

12. Black slate and shale 1

13. Limestone '. 0.8 ,

14. Cement limestone 4

15. Shale ; 4

16. Cement limestone 3

17. Bluish limestone 3

18. Notseen „ 77

19. Flagging sandstone 4

20. Shale and black slate ; 6

21. Clay , 3

22. Limestone : .6

(Map XII,, No. 28.)
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The coal in the above section, is the "Upper Barnesville," or Cum-
berland seam. No measurement was made, but in this region it ought to

be found thick enough for working. The cement limestones are promis-

ing. The distance from the railroad would probably make the manufac-

ture of cement lime unprofitable at present.

Whether the Cambridge seam of coal exists in full thickness below the

surface in this township, can only be known by trial borings. Such

borings would not be expensive if located in the deeper valleys. The
place of the Cambridge seam is proximately five hundred and ten to five

hundred and twenty feet below the Cumberland seam,, or two hundred

and ten to two hundred and twenty below the Ames fossiliferous lime-

stone. This limestone is seen in the township. It is about three hun-

dred and twenty feet below the Cumberland seam of coal.

WAYNE TOWNSHIP.

This township lies on the northern border of the county. Wills Creek

flows through the township in a north-west direction. The soil is" gen-

erally most excellent. Probably few of the hills are high enough to

take the Cumberland seam of coal, and the Cambridge seam is below the

bed of Wills Creek.

A section taken near Kennonsburg shows the following limestones

:

5

1

, It. In.

1. Heavy limestone in layers 18

Not exposed 27

3. White limestone 2

4. ,Not exposed 80

5. Fossiliferous limestone, Ames limestone 2

(See Map XII., No. 24.)

The relations of the Ames limestone both to the Pomeroy and Cumber-

land seams may be seen from Map XII., as also its relations to the

Cambridge seam, which is below. There are some seams of coal which

are elsewhere found in the geological range of the vertical space in the

above section, but they are always thin.

BEAVEK TOWNSHIP.

This is the north-eastern township of the county, and is one of the

richest in agricultural resources. Its valleys are very fertile and very

beautiful. The hills abound in limestone, and many of the shales are

rich in lime.
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On the land of Mr. Hastings, section 15, a geological section was taken,

revealing the position of the coals, limestones, etc. It is as follows

:

Ft. In.

1. Buff limestone v 1

2. Shale 3

3. Buff limestone 6

4. Shale 27

5. Blossom of coal, Cumberland seam, reported 1 8

6. Shale 14

7. Sandstone , ».- 2-0
8. Shale 4

9. Blossom of coal, reported 1 6

10. Shale, and not exposed 60

v 11. Sandstone 5

12. Not exposed 12

13. Limestone 3

(See Map XII., No. 27.)

The coal No. 5 of the above section is the same as the Cumberland

seam, or the "Upper Barnesville" seam.

On the land of Mr. Baseom, section 16, the same seam measures four

feet six inches, with one inch clay parting eighteen inches from the bot-

tom.

Near Williamsburg a section was taken which is given in No. 22 of

Map. XII. The coal is that of the Cumberland, or " Upper Barnesville "

' seam.

Another and more interesting section was taken two miles north of

Williamsburg. It shows the place of a cement limestone

:

It. In.

1. Buff limestone and clay..... 5

2. Clay shale 8

3. Not seen, 25

4. Laminated sandstone 30

5. Not seen 14

6. Sandstone': ..; 10

7. Coal 1 a
3. Shale 1 6

&. Coal, Cumberland seam 4 6

10. Not seen 24

11. Clay shale 1

12. Coal 5

13. Clay '. 4

14. Coal .' ~ 6

15. Shale .'. 5

16. Cement limestone 3

17. Shaly limestone 3

18. Cement limestone ' 2

(See Map XH., No. 25.)
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The cement limestone would doubtless answer for making cement—at

least it is worthy of trial. It is too far from the railroad for profitable

working, but it will, be needed at some future day. The coal is of fair

quality.

'

. CENTER TOWNSHIP.

This township is situated east of Noble and north of Olive and Enoch

townships. It is drained on .the south by the tributaries of the east and

west forks of Duck Creek, and on the north by one of the branches of

Wills Creek. Much of the soil is excellent. The principal coal is of the

Cumberland seam, which is every where to be found at its proper eleva-

tion in the hills. The following section was taken in section 13, in this

township:
N

'

It. In.

1. Blossom of coal.

2. Not exposed . 53

3. Limestone 2

4. Not exposed '.

30

5. Sandstone 14
'

6. Shale^ 6

7. Coal, Cumberland seam 2

8. Clay, " " .'. 2

9. Coal, " " 6

10. Slate, "
,

" 1

11. Coal, " " '.

3

12. Not exposed 36

13. Heavy sandstone ., 15

14. Not exposed 13

15. Sandstone 4

16. Magnesian limestone , 2

(See Map XII., No. 21.)

In section 20 in this township, on the land of G. W. Brown, the same

seam of coal presents the following measurement

:

It. In.

1. Fire-clay 1

2. Coal, with one half-inch parting. ^ .%... 4 4

3. Hnderclay , 3

The coal is of fair quality.

MARION TOWNSHIP.

This township lies east of Centre and Seneca townships. Its northern

border is upon Wills Creek, and its south-western upon Duck Creek. It

'

is hilly, but the soil is generally good. In some of the valleys receiving

the wash of the limestone of the hill's the soil is most fertile.
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The Cumberland seam of coal is to be found in the high hills in its

proper horizon. On the land of Mr. H. McVicker, section 30, the follow-

ing measurements were made

:

it. in.

1. Yellow shale 10

2. Coal 2

3. Shale .»... 1 8

4. Coal, with four inches slaty in middle 4 6

5. Interval to creek 250

A little below the coal is a limestone of a highly soluble nature, which

has a great fertilizing effect upon the soil.

ENOCH TOWNSHIP.

This township lies' east of Olive and south of Centre townships. It is

drained by Middle Creek chiefly. Much of the soil is of good quality,

and the township is well supplied with coal of the Cumberland seam.

This seam is found almost every where in the hill at its proper horizon.

At Archer's Store, section 6, we find the coal presenting the following

subdivisions

:

« Ft. In.

1. Sandstone 1 6

• 2. Bituminous shale 1 3

3. Coal 1 8

4. Clay 1 3

5. Coal.. 2 8

6. Slate 1

7. Coal .». ".
: 1

8. Underclay 2

(See Map XII., No. 29.)

On the land of John Boyd the same seam of coal is five feet thick

below the clay parting. Considerable limestone is seen in the hill above

Mr. Boyd's coal.

The mines of the Ohio Coal Company, in the hills east of Dexter Sta-

tion, show a fine thickness of the Cumberland seam. The reported sec-

tion is as follows

:

Ft. In.

1. Limestone and interstratified shales 30

2. Sandstone and some shale 25

3. Coal, upper bench, reported 3

4. Clay.... 2 to 3

5. Coal, lower beach 6 to 7

The coal from this company's bank is shipped largely to Marietta,

where it is used for the rolling mill, for the generation of steam, and for
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domestic purposes. It is a cementing coal of good heating power. Coke

of superior strength and hardness can he made from it. By a proper

selection of the materials, and by proper methods of coking, it is quite

probable that a coke of sufficient freedom from sulphur may be obtained.

The firmest coke I have yet seen made from Ohio coal was produced from

the coal of the Ohio Coal Company's mine.

The heavy limestone twenty-five feet above the coal is an important

deposit.

STOCK TOWNSHIP.

This township lies east of Enoch, and borders the Monroe county line.

The East Pork of Duck Creek passes nearly through the middle of the

township. This township, like almost all in this county, is hilly, but

there is limestone enough to fertilize the soil and make it productive.

In its geological features the township presents no peculiarities. It con-

tains in its hills the Cumberland seam of coal, generally in good devel-

opment. A combined geological section, taken near Carlisle (the section

of the coal from the land of J. G. J. Smith, section 35, and the lower

limestones from the land of Reuben Yoho, one-half mile west of Carlisle),

is as follows

:

Ft. In,

1. Olay .1 6

2. Coal 3 3

3. Slate
'.

£

4. Coal 2 5

5. Not exposed .-. 80

6. Limestone 3

7. Shale chiefly 32

8. Sandstone 8

9. Shale i 1

10. Limestone 1 6

11. Shale 5

12. Limestone 4

13. Shale -. 5

(Map XII., No. 81.)

On the land of Mr. Smith nodules of excellent iron ore were seen one

hundred and thirty-five feet below the coal. These nodules are generally

rich in iron, but they are seldom found in sufficient quantity to warrant

drifting for them. The coal is in fine thickness, and the slate parting is

quite insignificant. The quality is fair. On the farm of A. Enochs,

section 36, the coal is opened and appears well. Some ore of very supe-

rior quality was also seen on his farm. ' The ore was not found in place,
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but its stratigraphical position cannot be far from that assigned it in the

following section :.

Ft. In.

1. Coal, Cumberland seam 4 10

2. Interval not exposed ,..; 102

3. Iron ore 6?

4. Red shale 15

5. Sandstone chiefly 17

6. Shale 8

7. Limestone 2

(Map XII., No. 32.)

The ore is a sesquioxide of iron but slightly hydrated, the combined

water being only 4.60 per cent. The following is the analysis of the ore

by Prof. Wormley

:

Water , 4.60

Silica 10.76

Sesquioxide of iron ;. 80.51

Alumina 1.20

Magnesia ; 1.30

Lime , 1.30

Phosphoric acid Trace.

Sulphur ".

0.0

Total 99.67

Metallic iron 56.36

The ore is rich in iron, and its remarkable freedom from phosphorus

and sulphur makes it the best possible material for an iron for conver-

sion into steel. The location is worthy of careful investigation to deter-

mine the quantity of ore. In the slide of the hill-side wexe large, lamin-

ated blocks of ore six inches thick. When the ore is traced to its

original stratum it may be found much thicker. It is an ore of very

great promise. The coal of W. C. Bevan, section 26, is the Cumberland

seam. The lower bench is reported to be four feet thick, and.the upper

one foot eight inches.

On the land of W. W. Collins, below Carlisle, the Cumberland seam of

coal is two hundred and twenty feet above the East Pork of Duck Creek.

The lower bench is about five feet thick, separated from the upper bench

of ten inches by two feet of clay. A sample from the lower bench was
analyzed by Prof. Wormley, with the following result

:

Specific gravity 1.338

Moisture « 1.10

Ash '.'.
.... 11.30
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Volatile combustible matter 35.50

Fixed carbon , 52.10

Total 100.00

Sulphur. 6.61

Permanent gas per pound in cubic feet 3.26

Ash . Fawn color.

Coke • Compact.

The seam of coal from Mr. Collins's dips rapidly down the East Fork

of Duck Creek. A mile above the mouth of Road Fork the seam is only

twenty-five to thirty feet above the stream, while three-fourths of a mile

up Road Fork the seam is' ninety feet above the latter stream. These

facts show local undulations in the strata.

ELK TOWNSHIP.

This is the south-eastern township of the county. It lies chiefly upon

the waters of the East Fork of Duck Creek, but in the southern part are

some of the sources of Pawpaw Creek. The land is generally hilly, but

the limestone layers in almost all the hills tend to render the soil fertile.

The principal seam of coal is the Cumberland seam, which is every

where to be found in its appropriate geological horizon. In section 25

the following geological section was taken :

Ft. In.

1. Blossom of coal.

2. Not exposed 15

3. Limestone 1 6

4. Not exposed '. 22

5. White limestone .'.... 3

6. Notexposed :...: 48

7. Sandstone and sandy shale, somewhat ferruginous 12

8. Blue, sandy shale .'. 2

9. Coal, Cumberland seam ; 2

10. Clay, " " 1 8

11. Coal, " " : : 3 6

12. Underclay 5

13. Limestone 2

14. Notexposed...' 53

15. Magnesian and blue limestones 5

- (Map XII., No. 36.)

On the land of Lewis Uhlman, near Harrietsville, the same seam of

coal appears in the following section

:

m,. In.

1. Sandy shale 5

2. Coal 2 3

3. Clay 10
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E.t. In.

4. Coal 3 o
5. Not exposed 60

6. Buff and blue limestones 6

7. Not exposed : 40

8. Sandrock : 20

9. Interval to Duck Creek 60

(Map XII., No. 35.)

On the land of Henry Bodie, section 18, in this township, the same
seam of coal gives the following measurements :

1. Sandy, blue shale (not measured).

2. Coal .*.
'.

2 4
3. Clay shale ; 1 6

4. Coal 3

5. Not exposed ."

5

6. Limestone (not measured).

Bed of Saltpetre Creek.

The coal is generally of fair quality, and will answer for all the ordi-

nary uses, but it contains too much sulphur for the highest uses.

On the land of. Edward Okey, on Road Fork, in this township, the

Cumberland seam of coal is seen, with a thickness of the lower bench of

four feet eight inches. Above the clay parting is the upper bench, from
six inches to one foot thick. Six feet of shale separate this bench from
twenty-five feet, of overlying sandrock. The following analysis was
made by Prof. Wormley of a sample of the coal of the lower bench :

Specific gravity 1.419

Moisture 1.10

Ash 10.20

Volatile combustible matter 32.90

Fixed carbon ..., 55.80

Total... 100.00

Sulphur i. 3.48

Permanent gas in cubic feet •. 3,01

Ash : Gray.

Coke Compact.

On Road Fork, one mile below the woolen factory, we find the coal well

developed, as is seen by the following section

:

Ft In.

1. Sandstone '.. 25

2. Shale :..... - : 5

3. Coal, Cumberland seam 2
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Ft. In.

4. Clay, Cumberland seam 1 4

5. Coal, " " 4 6

6. Not seen ; 27

7. Limestone 8

8. Not seen 15

9. Fine-grained sandstone v 3

10. Shale 8

(Map XII., No. 34.)

Mr. Richard Vosper, at the mouth of Road' Fork, mines the Cumber-

land seam, which is reported to be four feet six inches thick.

JEFFERSON TOWNSHIP.

This township borders Washington county, lying north and east of

Aurelius. Its outline is very irregular. The West Pork of Duck Creek

flows through a corner of it, but it is chiefly drained by Middle Creek.

The upper Salem, or Cumberland, seam of coal is found every where in

the hills, in its proper horizon. Valuable mines have been opened by

the Ohio Coal Company in the,western part of the township, where the

lower and principal bench of the coal is from five and a half to six feet

thick, and the upper is reported to be three feet thick. A branch rail-

road extends from Macksburg east into this township, reaching this seam

of coal, where a working of six feet is obtained. The coal is of good

quality, well adapted to household use, to the generation of steam, and

to the rolling mill. A fine exhibition of the same seam of coal is found

on the land of David McKee, Esq., on Buffalo Run, east of Newburg, not

far from the line dividing this township from Enoch township. Here

the lower bench of coal measures six feet eight and a half inches. In

this region the hills are very high, and there will be found a large area

of available coal. The same seam is found in the eastern part of the

township, but it may not be equally thick. In the valley of Middle

Creek some petroleum has been obtained, although not in large quan-

tities. This is a fertile valley.

Considerable petroleum has been obtained in the Duck Creek valley,

in this township, and more will be obtained when the prices render the

production profitable. Brine for the manufacture of salt may be ob-

tained by boring, and cheap fuel for its evaporation is abundant in all

the hills.



CHAPTER LIII.

REPORT ON THE GEOLOGY OP GUERNSEY COUNTY (SOUTH
HALF).

That portion of this county included in the Second Geological District

lies south of the Central Ohio Railroad. The townships examined are

Adams, Westland, Spencer, Jackson, Cambridge, Center,Valley, Richland,

and Millwood. The railroad runs within the southern border of Wills

township, and a few geological sections were taken there.

The southern part of the county contains much good soil, and is rich

in coal. The most valuable seam is the Cambridge seam, which is now
largely mined. The Cumberland" seam is found in some townships, as

are one or two other seams of less importance. The existence of so much
coal within easy reach of the Central Ohio, and the Marietta, Pittsburgh

and Cleveland railroads will make this one of the most important mineral

counties iii the State. Some valuable iron ore has been discovered. Brine

may be obtained by boring, and salt can be cheaply manufactured with
the small and refuse coals of the mines. Both coal mines and salt works

may be located upon the railroads.
_ In this way the three essential ele-

ments of profitable salt-making, viz., abundant brine, cheap fuel, and
cheap transportation, are secured. There is little doubt that some of the

coal will, with proper treatment, make coke suitable for smelting iron

ores. The rich Lake Superior ores could be brought as return freight in

cars carrying coal tq Cleveland or other lake ports, and the blackband

ore is found within the limits of the county, and in the adjacent county

of Tuscarawas. Iron works of various kinds must hereafter spring up
in this- region, as, indeed, other kinds of manufacturing enterprises in

which cheap and abundant fuel is a prime element.

ADAMS TOWNSHIP.

This township lies on the west side of Guernsey county, and north of

Westland township. It is drained by the waters of Crooked Creek, a

34
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branch of Wills Creek. A section was taken on the land of Horatio

Grummond, section 23, as follows :

Ft. In.

1. Shale 8

2. Cannel coal, reported thickness 1 6

3. Not exposed.. ; 79

4. Sandstone 3

5. Shale and black slate, nodules of ore ... 6

6. Coal, 3£ feet seen, reported '.
'. 6

(See Map'XIL, No. 1.)

The lower coal of this section was thought to be the equivalent of the

Cambridge seam, and the equivalent of the Alexander seam in Muskin-

gum county. The coal was formerly mined on the farm of Mr. Grummond,
but the old mine was not in a condition for complete.measurement. The
cannel coal, eighty-eight feet above, is in the horizon of a thin seam of

coal seen at many points.

, Near Cassell's Station, on the Central Ohio Railroad, section 22, the

following section was taken :

Ft. In.

1. Interval to top of hill not measured.

2. Fossiliferous limestone 15

3. Not seen 110

4. Sandstone ".
,. , 6

5. Dark shale, ferruginous ; 3

6. Blackband iron ore 3

7. Coal (Cambridge seam) ". 3 6

8. Not seen to level of railroad track 10

(See Map XII., No. 15.)

The following analysis of the blaqkband ore of the above section was

made by Prof. Wormley

:

Specific gravity 3.052

Water and volatile matter 11.55

Iron, carbonate 33.72

Iron, sesquioxide 8.34

Silicious matter.... :. 38.72

Alumina 00.00

Manganese : . 2.30

Lime, carbonate 2.30

Magnesia 2.49

.Sulphur 0.16

Total 99.58

Metallic iron .'. 22.12

.Sulphur 0.16

Phosphoric acid trace.
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This ore, wh'en roasted, will lose its water, volatile or bituminous

matter, the carbonic acid of the carbonates of iron and lime, and all, or

nearly all, of its slight amount of sulphur. There is hardly enough

bituminous matter in this ore to serve as a fuel in roasting it. A sam-

ple of the blackband ore/from Newcomerstown, obtained by Mr. Gilbert

for comparison, yielded 24.00 per cent, of metallic iron. Both ores are very

free from sulphur and phosphorus. From more recent visits to Cassell's

Station, I am led to think the average of the blackband better than the

sample analyzed.

CAMBRIDGE TOWNSHIP.

This township contains Cambridge, the county seat of the county. A
section was taken on the high and isolated hill a little south-west of the

town, as follows

:

Ft. In.

1. Blossom of coal.

2. Not exposed 15

3. Fossiliferous limestone, seen . 1

4. Not exposed 10

5. Laminated sandstone'. 7 .0

6. Shale 40

7. Blossom of coal.

8. Clay 5. 1

9. Sandstone ,
.' •• 15

10. Shale 24

11. Blossom of coal.

12. Clay
'. 4

13. Shale .' 36

14. Limonite ore , 2

15. Blossom of coal.

(See Map XII., No. 6.)

In this section No. 15 is the Cambridge, or Scott's coal; No. 11, the

equivalent of a seam found forty-two feet above Scott's bank ; No. 7, the

equivalent of the cannel coal at Horatio Grummond's, in Adams town-

,
ship ; and No. 1, the equivalent of the Anderson coal, near Campbell's

Station. This section, therefore, is a key by which the intervals may
be judged elsewhere. A section was taken on Tunnel Hill, west of

Cambridge, from the highest coal, on the very summit, to the level of

the railroad track. The exposures were chiefly in a slide in the hill-

side, in the approach to the tunnel on the west side of the hill

:

Ft. In.

1. Shale and soil 8

2. Coal, seen 1

3. Not seen .,
/. 12 ,0

4. Limestone, highly fossiliferous, reported 8



532 GEOLOGY OP OHIO.

m. In,

5. Not exposed » 59

6. Dark brown shale 20

7. Yellow shale 10

8. Sandstone passing down into,shale 30 0-

9. Ore—siderite and limonite 7

10. Nodular limestone .' 6

11. Shale
;

• 5

12. Laminated sandstone and shale '• 32

13. . Coal 1 3

14. Fire-clay ...» '. 3

15. .Shaly sandstone 10

Level of railroad track.

In this section the strata in the slide could noft be measured, and the

thickness was estimated. No trace of the Cambridge seam of coal was

sen. A section was made in the village from the bed of Wills Creek,

at the site of the old mill, up to a seam of coal in Mr. Isaac Morton's

field, on the hill-side above, as follows

:

Tt. In.

1. Heavy, coarse sandstone, seen .. 10

2. Coal, varying from 1 ft. 3 in. to 2

3. Not all seen, hut the lower part a very heavy sandrock, with vast

s
concretionary masses of " blue core " rock 39

4. Level of the railroad,.

5. Interval to bed of creek, lower part shaly sandstone., 27

6. Coal, once minedby stripping in low water in Wills Creek (reported) 2 9

(Map XII., No. 5.)

The upper coal in this section is believed to be the 'equivalent of the

Cambridge coal, or Scott's coal. . It is generally covered with shale. The

.

same seam is found under the floor of the shop of Louis Schreier, on Main

street. It has an elevation of thirty-seven feet above the railroad track

at the station.

A level from this coal strikes a bench on Tunnel Hill a little above the

tunnel. A trace of coal was found on this bench. Every where in the

immediate vicinity of the town of Cambridge the Cambridge seam is

very thin, and this fact has created the chief difficulty in identification.

Two or three miles south of Cambridge the seam becomes thick enough

for mining, and presents in that region a fine development. In this

neighborhood the following section was taken at the cdal bank of Andrew

Nicholson: ,

Ft. In.

1. Sandstone : 12

2. Clay shale, laminated 4 6

3. Coal • 3 10

4. Clay parting •• 1J

5. Coal 1

6. TJnderclay 3
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This is the Cambridge seam. The quality is seen from the following

analyses by Prof. Wormley of samples from near the bottom, middle, and

near the top

:

Specific gravity 1.318 1.283 1.272

Water 4.20 3.90 3.80

Ash 6.10 3.80 3.00

Volatile combustible matter 31.60 29.70 34.70

Fixed carbon 58.10 62.60 58.50

100 00 100.00 100.00

Sulphur 1.26 1.04 1.11

Sulphur left in coke , 0.42 0.65 0.83

Cubic feet fixed gas per lb. coal 3.54 2.98 3.58

Color of ash Gray. Gray. Yellow.

Coke Compact. Compact. Compact.

This is an excellent coal. The average percentage of ash is 4.30. The

average of the fixed carbon is 59.73, which is quite large. The sulphur

is less than in the larger part of the coals of the State, the average being

1.13. Of this there remains in the coke 0.633. The coke is compact.

The coal belongs to the caking variety, and requires a good draft for its

best combustion. The coal is evidently a strong coal, of high heating

power, and when burned under favorable conditions must do excellent

service. It is the best representative of the Pittsburgh type- of coal I

have seen in the State. A section was made at the bank of Joseph

Stoner, as follows

:

Ft. In.

1. Clay slate, with coal plants 10

2. Coal 3 7

3. Clayparting 2

4. Coal 1

5. TJnderclay , 4

This coal resembles that at the Nicholson bank. In both banks the

vertical joints, or polished planes, are numerous. This, however, is a

- characteristic of the Cambridge seam generally.

CENTER TOWNSHIP.

This township lies directly east of Cambridge. There are several

mines opened in the Cambridge seam of coal in this township and in the

eastern part of Cambridge. There was time to examine only a part of

these. The coal is generally quite uniform in thickness and quality.

The following section was taken on the land of Mr. E. M. Scott

:

Ft. In.

1. Limestone, fossiliferous .'.>. 3

2. Not exposed S8

3. Coal, with shale roof 1 to 3
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Tt. Id.

4. Not seen 26

5. Laminated sandstone 6

6. Clay slate
'. 10

7. Coal r : 4 7

8. Clayparting 2

9. Coal....: 1 4

10. TJnderclay '.

2 6

11. Sandy shale (not measured).
' (Map XII., No. 9.)

This coal is extensively mined by Mr. Scott, and shipped by the Cen-

tral Ohio Railroad. It is used for household purposes, for steam-making,

for locomotives, and in rolling mills. It is an excellent coal.

At the mining works of Fordyce & Co., about a mile west of the Scott

bank, large quantities of this coal are mined and shipped by railroad,

and considerable is made into coke in coke ovens. The Cambridge coal

is always quite bituminous and somewhat caking in character. It is

highly esteemed by those who prefer a coal of this class to the dry burn-

ing coals.

The following is a record of salt well No. 2, bored by Mr. Scott

:

1

Ft. In.

1. Level of the Cambridge seam.

2. Soil, etc 18

3. Gray sandrock .-. 32

4. Not known 10

5. Coal...'. :. 1 6

6. Fire-clay 3

7. Limestone 1 1 6

8. Soapstone t 6

9. Shale and fire-clay ."...-. 26

10. Black slate , 10

11. Shale „ 12

12. Coal , 10

13. Soapstone 40

14. Coal ; „ 1 2

15. White fire-clay 20

16. Blue sandstone (oil rock) 44 0.
17. Black shale 31

18. Limestone „ 11

19. Shale '. 14

20. Iron ore, very hard '. 1 6

21. Shale 1 69

22. Hard black rock , 6

23. Shale 83

24. Stratum charged with sulphuret of iron 3 0.
25. Interval not recorded 215 7

26. White sandrock .... 40
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In this well salt water was fo.und at the depth of five hundred and

ninety feet, and again at six hundred and fifty feet. Mr. Scott's well

No. 1 struck brine at the depth of one hundred and eighty feet and at six

hundred and twenty feet.

A mile east of the Scott mines the Cambridge-seam of coal is mined at

the "Williams's bank " by a shaft. The coal seam is reported to be in

the bed of Leatherwood Creek. The top of the shaft is upon the slope

of the hill, high enough to secure easy delivery of the coal upon the rail-

road.

The following analyses were made 1 by Prof. Wormley of four sajnples

of co from this mine, representing the seam as follows

:

No. 1, 6 inches from top ; No. 2, 1 foot 8 inches from bottom ; No. 3, center
'

of seam ; No. 4, to 10 inches from bottom.

v
v No. 1. No. 2. No. 3. No. 4.

Specific gravity 1.294 1.299 1.295 1.336

Water 2.50 3.10 3.00 3.00

~ A-sh 4.34 7.32 6.99 3.98

Volatile combustible matter 31.59 27.90 32.69 35.60

Fixed carbon 61.57 61.68 57.37 57.42

100.00 100.00 100.00 100.00

Sulphur ; 2.48 2.94 3.96 1.06

The coal from this mine is shipped somewhat exensively by the Cen-

tral Ohio Railroad to different parts of the State. Much of it has been

sent to Toledo. It is an excellent coal for most uses. It is quite prob-

able that the samples analyzed came from a part of the mine where the

percentage of sulphur was unusually large. The coal is acceptably used

in locomotives and in rolling mills, and is valued for domestic uses.

WESTLAND TOWNSHIP.

This township is south of Adams, and borders the county of Mus-

kingum. A section was obtained near Claysville, as follows

:

it. In.

1. Laminated black slate 3

2. Coal (Cumberland seam) 3 3

3. Not exposed , 4

4. Limestone I 8

5. Not exposed 15

6. Laminated sandstone 4

7. Not exposed ... 56

8. Limestone ., 8

9. Not exposed ,
". 23

10. Laminated sandstone 4

11. Yellow clay shale •. 63

12. White clay ,.... 6

13. Limestone, ferruginous and fossiliferous 2

(See-MapXILjNo. 8.)
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In this township, on the Central Ohio.Railroad, about half way between

Concord and Cambridge, a seam of coal ten feet above the heavy fossil-

iferous limestone was once worked, but no measurements could be made.

It is probably thin.

In this township, but not far from the border of Muskingum county,

on the Central Ohio Railroad, the following section was taken

:

I It. In.

1. Fossiliferous limestone (Ames limestone);

2. Not seen
'.

58

3. Laminated sandstone 10

- 4. Shale 18

5. Blossom of coal.

. 6. Shale , 10

7. Limestone, fossiliferous (Cambridge) 7 12

8. Hard clay and nodular limestone 5

9. Shale .< ,
'..

... 3

Level of railroad track.

SPENCER TOWNSHIP.

This township lies in the south-western part of Guernsey county. It

is drained for the most' part by Buffalo Creek, a branch of Wills Creek.

The only coal worked is the Cumberland seam. The blossom of the

Pomeroy seam was seen, but so far as could be learned the seam is not

mined. It is probably quite thin. The following section contains the

Cumberland coal seam found on the land of Mr. H. C. Hunter, a mile

from the town of Cumberland, on the road to Caldwell

:

rt. In.

1. Limestone 2

2. Red shale 19

3. Limestone 1 6

4. Shale 10

5. Limestone, crumbling , 1

6. Not exposed 15

7. Whitish limestone in layers in red clay shale 25

8. Not exposed .' 10

9. Sandstone 10

10. Shale 10

,11. Coal (Cumberland seam) 1 6

12. Slate, " " 0J

13. Coal, " " 1 2

14. Slate, " " 0J

15. Coal, " "
, v 1 10

16. Clay 3

17. Blue limestone '. 2

18. Not seen 31

19. Laminated sandstone 5

20. Heavy sandrock, quarried , 10

(See Map XII., No., 7.)
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Mr. Hunter's bank is said to be just soutb of tbe township line of

Spencer and in Brookfield township, Noble county. Tbe analysis of tbe

coal will be given in connection witb that township.
,

Two miles east of Cumberland the following section was obtained:
Ft. In.

1. Buff limestone
'. 18

2. Laminated sandstone and shale 30

3. Coal (Cumberland seam) reported,. • 4 6

4. Not exposed > 81

. 5. Black fossiliferous, earthy limestone 1 6

6. Not exposed 15

7. Blossom of coal (Pomeroy seam).

v 8. Notexposed
.'

136

9. Limestone (Ames limestone), fossiliferous 1 6

The Pomeroy seam of coal has its place generally about one hundred

and forty feet above the Ames limestone, and the place of the Cumber-

land seam of coal is from ninety to one hundred feet higher. The coal

about Cumberland is high in the hills, and, consequently, there is less

area of the seam. The coal is used for household purposes and for the

generation of steam.

The large amount of limestone high up in the hills fertilizes the soil,

and as an agricultural region this is one of the best. Cumberland is an

important and thriving village.

.

, JACKSON TOWNSHIP.

This township lies directly south of Cambridge, and is drained by

Wills Creek and its tributaries.

The Cambridge seam of coal is every where seen in the northern part

of the township, but disappears below the surface to the south. The

presumption is that it extends continuously through this and Valley

townships, for it is found by boring at Ava Station, in Buffalo township,

in Noble county, where it is reported as six feet six inches thick. There

may be thin places and even breaks in the continuity of the sea.rh in so

great a distance. This can only be ascertained by borings. There is no

doubt, however, that there is a large area of this valuable coal field,

through which the Marietta, Pittsburgh and Cleveland Railroad passes.

The coal has long been mined for local use in the vicinity of Bysville.

On the land of J. Jennings the ooal measures three feet three inches.

At J. Long's, lot 6, it measures four feet .two inches. Near Bysville, in sec-

tion 6, the following section was taken

:

Ft. In.

1. Limestone (Ames limestone), fossiliferous .., 2

2. Notexposed.. .....'. 130

3. Blossom of coal.
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St. In.

4. Not seen ,..'. 15

5. Shale ' 55

6. Sandstone 10

7. Shale .*. 13

8. Coal (Cambridge seam), reported 4 2

(See Map XII., No. 2.)

The entrance to the mine near which this section was taken had fallen

in, and no measurement was possible. On section 13, on the land of

Robert Murray, the following section was taken

:

It. In.

1. Sandstone and conglomerate ...; 15

2. Shale 6

3. Coal 4

4. Slate 0J

5. Coal
.'

1 9

(See Map XII., No. 16.)

The coal at this point apparently works larger than is usual for this

seam. The general quality is excellent.

About a mile south of Bysville the Cambridge seam was found, by

boring, to be twenty feet below the level of Wills Creek, and reported to

be five and a half feet thick.

VALLEY TOWNSHIP.

This township lies south of Jackson. The valley of Wills Creek ex-
s

tends through it, and by this stream and its tributaries the whole area

of the township is drained. The whole township lies above the Cam-

bridge coal, unless possibly a small part of the low valley in section 21

and in that vicinity may be low enough to reach the coal. A geologi-

cal section was taken about a mile and a half south-east of Point Pleas-

ant, as follows

:

It. In.

1. Shale .'. 25

2. Limestone, fossiliferous 1

3. Yellow shale -. 65

4. Limestone (Ames limestone), fossiliferous 4

5. Shale, with white clay at bottom s
. 25

6. Sandstone , 26'

7. Shale 23

8. Coal (Anderson seam) «. 3

9. Clay and shale 32

10. Siderite ore, fossiliferous 6

11. Mostly sandstone :. 36

12. Whitish limestone '. .' 1

(See Map XII., No. 20.)
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The coal in this section, called the Anderson seam, from the owner of

a bank near Campbell's Station, is mined to a limited extent. The fossil-

iferous iron ore is doubtless the geological equivalent of the Cambridge

fossiliferous limestone found in the hills west of the town of Cambridge.

Near Hartford the following section was taken

:

It. In.

1. Limestone (Ames limestone), fossiliferous 1

2. Notseen * 18

3. Blossom of coal.

4. Not exposed 26

5. Sandstone 20

6. Shale .> 4

7. Coal (Anderson seam) 2 6

8. Not exposed 72 6

9. Blossom of coal.

(See Map XII., No. 17.)

The Anderson seam of coal has been mined to supply a local demand.

The seams of coal of which only the blossoms were seen are elsewhere

generally quite thin, but they should be investigated.

There is a strong antecedent probability that the Cambridge seam of coal

extends under all this township, and can be reached by shafts of incon-

siderable depth. The only trial boring reported is one a little north of

Point Pleasant. Here, at a depth of fifty feet below the valley; the Cam-

bridge seam was reached, and reported to be six feet thick.

RICHLAND TOWNSHIP.

This township is situated east of Jackson. It is drained by Wills

Creek and its tributaries. The following section, taken at Senecaville,

shows many of the strata which make up the hills

:

It. In.

1. Limestone 4 2

2. Blossom of coal (Pomeroy seam).

3. Shale 27

4. Limestone 4

5. Shale 6

6. Limestone 1

7. Shale .'

15

8. Limestone 1

9., Red shale 20

10. Not exposed 55

11. Shaj£ : 15

12. Limestone (Ames limestone), fossiliferous 1 6

13: Shale 18

14. Coal '. .'

1 8

15. Clay 3
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Bt. In.

16. Not exposed „ , 8

17. Nodular limestone (not measured).

18. Notexposed 21

19. Sandstone 20

20. Coal (Anderson seam) 1 4

(See Map XII., No. 14.)

The coal, No. 14, in this section has been dug to a very limited extent,

but not very profitably. It was reported that, in boring for salt water at

Senecaville, a seam of coal three feet thick was passed at a depth of from

seventy to seventy-five feet below the lowest coal seam in the above sec-

tion. At about eighty feet lower, the Cambridge coal should have been

passed, if it has not thinned out in this direction. Good brine is re-

ported to have been obtained.

A section was taken on the land of John Anderson, section 8, as fol-

lows :

Ft. In.

1. Coal, with shale roof 2 1

2. Clay 1

3. Coal ,.. 1 1 *

4. Notexposed 18

5. Fossiliferous limestone 2

(See Map XII., No. 11.)

The fossiliferous limestone is the equivalent of that found on the hills

west of Cambridge.

The following analysis has been made of the Anderson coal by Prof.

Wormley

:

Specific gravity , 1.294

Water , 1.70

Ash - 6.00

Volatile combustible matter 35.70

Fixed carbon 56.60

Total 100.00

Sulphur. 3.13

" left in coke 1.75

Percentage of sulphur in coke 2.79

Color of ash gray.

Character of coke compact.

Fixed gas per pound in cubic feet 3.12

WILLS TOWNSHIP.

This township lies north of the eastern part of Richland. The Cen-

tral Ohio Railroad passes along its southern boundary. At Campbell's
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Station, section 1, a well was bored in search of coal. The following is a

reported record of the boring, furnished by Mr. Thomas Ritchie

:

It. In.

1. Clay shale , 66

2. Coal.... : 2

3. Black slate 3

4. Coal 2

5. Clay (not measured).

6. Sandstone 44

7. Coal, reported thickness 3

8. TJnderclay ,.. ,5

The Anderson seam of coal, found less than a mile from this point, is'

«forty-six feet above the top of this boring. Below the Anderson coal is

the Cambridge fossiliferous limestone. By these strata we can judge of the

distance down to the Cambridge, or Scott's coal. This makes the lowest

coal reached in the experimental well to be the Cambridge seam.

MILLWOOD TOWNSHIP.

This township lies upon the east line of the county. A section was
taken on the land of Mr. John Brill, near the village of Salesville

:

,
-It la.

1. Sandstone, quarried and used for grindstones., 30

2. Not exposed 92

3. . Shale 3

4. Coal (Pomeroy seam) 4 2

5. TJnderclay ; 2

6. Limestone, reported 10

7. Not seen ; 20

8. Shale '.

'.... 50

9. Not exposed ; : 88

10. Sandy limestone (Ames limestone) , fossiliferous 1

(See Map XII., No. 12.)

The following analysis of a sample of Mr. Brill's coal was made by
Prof. Wormley

:

Specific gravity 1.269

Water 3.80

Ash 7.80

Volatile combustible matter '.

36.50

Fixed carbon 51.90

Total 100.00

Sulphur .". 2.48

Sulphur left in coke : 0.97

Fixed gas per pound in cubic feet-...
r 3.46

Color of ash ». light gray.

Coke compact.

Percentage of sulphur in coke (as coke) 1.63
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The coal is of fair quality, but there is too much sulphur in it for the

blast furnace or for the best^gas.

On the land of P. Lynn, section 25, in Millwood township, the follow-

ing section was taken :

m. In.

1. Buff, sandy limestone 1

2. Not exposed 38

3. Fireclay and white, sandstone 2 6

4. Coal 3

A section was taken near Millwood village, on the land of Mr. Web-
ster:

m. In.

1. Shale 12

2. Coal 3

3. Slate....... ... 1 .

4. Coal (Pomeroy seam) 1

5. Slate, " " 1

6. Coal, " " 3

7. TJnderclay and clay shale 10

8. Limestone 2 6

9. Not exposed , 64

10. Laminated sandstone, used for flagging 10

11. Shale 34

12. Laminated sandstone and shale 40

13. Sandy, fossiliferous limestone (Ames limestone) 1

14. Eeddish shale 20

(See Map XII., No. 13.)

The coal is mined for all local uses.



CHAPTER LIV.

REPORT ON 'THE GEOLOGY OP BELMONT COUNTY (SOUTH
HALF).

'

Only the south half of this county is included in the Second Geologi-

cal District, the Central Ohio Railroad constituting the northern bound-
• ary line. The townships specially reported upon are Warren, Goshen,

Smith, Richland in part, Pultney, Mead, York, Washington, Wayne,
and Somertpn. Several townships north of the railroad were visited for

the purposes of comparison and verification of the order of stratification

further south. In the prosecution of the work of the survey in this re-

gion I have been greatly aided by Mr. Nathan Bundy, of Barnesville.

To an extensive knowledge of the surface features of the county, ob-

tained in the practice of his profession as a surveyor and civil engineer,

he has added during the progress of the geological survey much careful

study of the geology, in the stratigraphical order and distribution of the

seams of coal, limestones, etc. Extremely careful and cautious in gather-

ing his facts, and never confused in his generalizations, his assistance,

so generously given, has proved invaluable.

The surface of the southern part of Belmont county is generally hilly.

The soil is unusually ri«h and productive, and the fertilizing effect of

the limestones is seen in large and rewarding crops from upland and
valley. In some of the western townships the limestones found further

east are replaced by sandstones and shales, and there are, consequently,

areas where the soil is less productive. Fruit of all kinds may be easily

grown, especially upon the higher lands. The agricultural features of

the county have been so fully and ably set forth by Hon. Isa'ac Welsh,

in a prize essay published by the State Board of Agriculture in 1868,

that I refer all interested in the subject to it.

Belmont county is drained, for the most part, by streams flowing di-

rectly into the Ohio River, viz., Captina, McMahon, and Wheeling
creeks. The north-west corner of the county is drained by Stillwater

Creek, which flows to the north-west, and empties into the Tuscarawas

River, in Tuscarawas county. A very limited area in the western part

of the county has its drainage westward by Leatherwood Creek to Wills

Creek, thence to the Muskingum River. 'The divide, or water-shed, be-
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tween the Muskingum and Ohio waters in the county extends north-

ward through Somerton township into "Warren, and thence more easterly

through Goshen township, nearly to Burr's mills, and thence northward

to the north line of the county. The Central Ohio Railroad, after follow-

ing the valley of the Leatherwood from Cambridge eastward, enters Bel-

mont county in the extreme south-western corner of Warren township,

and from that point rapidly climbs to the summit of the ridge, or divide,

at Barnesville. From this point the road keeps along the ridge at about

the same general elevation to Belmont, in G-oshen township, where the

head of McMahon Creek is reached, and then follows that stream to the

Ohio River. The highest point of the divide in Belmont county visited

by me is a knob on Mr. A. Millison's farm, just above a heavy railroad

cut, called, I think, Gregg's Cut, about five miles east or north-east of

Barnesville. The summit of the knob is about one hundred feet above

the level of the railroad. By Locke's level the summit appeared to be a

little higher than any other point in sight. Some of the hills along the

Ohio River are very high, but they were not measured for altitude.

The general geological range through the south half of Belmont
county is in the Upper Coal Measures, extending down to the Pomeroy

seam of coal, which, having been traced through from Meigs county, is

believed to be the same as the lower Barnesville coal, which is also the

Wheeling or Bellair seam. In the south-west corner of Warren town-

ship we obtained a section in the valley of Leatherwood reaching one

hundred and twenty feet below the lower Barnesville or Bellair seam,

but in the lower space no seam of coal was found. Toward the mouth of

McMahon Creek an exposure of forty-five feet below the same seam was

obtained, but no other coal was seen. The Bellair or Wheeling seam is

the most important one in the southern part of the county. It is the

thickest, and the one usually worked. Another well-developed seam of

coal lies from eighty-five to one /hundred feet higher, and is known on

the Ohio River -as the upper Bellair, and at Barnesville as the upper

Barnesville seam.

After much investigation I am convinced that these seams are iden-

tical. On the west side of the Barnesville ridge the upper Barnes-

ville seam is separated from the lower seam by a somewhat greater

distance than are the two corresponding seams near the Ohio River.

This is especially true where the limestones are replaced by heavy sand-

rock. Mr. Nathan Bundy made a careful measurement of the vertical

distance between the two coals on Leatherwood, in Warren township,

and found it one hundred and five feet. In the valley of Stillwater

Creek, north-east of Barnesville, the distance is only ninety feet. On
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McMahon Creek the interval between the two seams ranged from eighty

to ninety feet.

The upper Bellair, or upper Barnesville, seam is one of wide distribu-

tion in the Second Geological District. It is the Cumberland seam of

Guernsey, Noble, and Washington counties, and is traced through Mor-

gan into Athens, where it is pretty well developed on Big Run, in Rome

township. It was not seen in Meigs county.

My associates on the survey in the First Geological District have

classified the coals on"the Ohio River, in this county, in the descending

order, as follows

:

Coal No. 10, No. 9, No. 8c, No. 86, No. 8a, No. 8 (Bellair, or lower

Barnesville). r
We trace the same seams in the same order through all the high lands

of the Barnesville region. We could find no coalescing of seams in going

from the Ohio River west, by which 8a, 86, 8c, and 9 imite with 8. Mr.

Bundy and myself have found all these on the west side of the Barnes-

ville ridge. For example, 8a is seen faintly in a railroad cut west of

Barnesville ; on the turnpike north of Barnesville ; on the turnpike

between Flushing and Rock Hill ; on " Belmont Ridge," in Flushing

township, and at other points. It even extends through several counties.

No. 86 is distinctly seen at all the above-named localities. No. 8c is the

upper Barnesville seam, and is the Cumberland seam, which can be fol-

lowed through Guernsey, Noble, Washington, Muskingum, Morgan, and

Athens counties, always holding the same relation to No. 8, or the Pom-

eroy seam. No. 9 is constantly found in western and north-western Bel-

mont. Traces of it are seen farther west. It is doubtless the Hobson

seam of Washington county.

In Belmont county there are about sixteen miles of Ohio River border

in the Second Geological District, i. e., below the mouth of McMahon
Creek. The total fall of the Ohio River in this distance is 11.066 feet,

or about an average of 8.28 inches per mile. The fall is, however, un-

equally distributed between the ripples and pools ; the former having

10.41 feet, and the latter 0.656 inches. There are 4.327 miles of ripples

and 11.673 miles of pools, seven feet deep in low water.

. WAEEEN TOWNSHIP.

This township is located in the western part of the county, and is

traversed by the Central Ohio Railroad. The township is drained by the

waters of Captina Creek, flowing ,into the Ohio, on the south-east, by-

Stillwater Creek, which flows, into the Tuscarawas, on the north, and by

35
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Leatherwood, a branch of Wills Creek, on the west. The central part of

the township, which constitutes the divide, or water-shed, between the

several streams, is high, and with its fertile soil and salubrious air pre-

sents many attractions. This ridge is becoming somewhat celebrated

for its fine fruit. The railroad, as it ascends to the high ground from the

Leatherwood valley, presents admirable opportunities for making a sec-

tion of the strata, which are well exposed in the various cuts. The low-

est strata in the section are found near the heavy embankment, or fill,

across the Leatherwood valley. The history of this fill shows well the

peculiar difficulties which railroad companies often meet with in using

the clays found in our Coal Measures. When saturated with water they

are like a mortar-bed in the embankment, and slide away, and more ma-

terial must be added to the top. Unfortunately, there is no gravel in all

this region nearer than the banks of the Ohio River. No traces of Drift

were seen in southern Belmont county, nor in Monroe county, except the

modified or terraced Drift along the Ohio River, and none of any kind in

Guernsey. A section of the strata seen in the railroad cuts from Barnes-

ville west is as follows :

Ft. In.

1. Laminated sandrock on top of hill (not measured).

2. Shale 8

3. Blossom of coal.

4. Dark clay 4

5. White limestone 1

6. Not seen 29

7. Sandstone 4

8. Buff clay 3

9. Black slate 2

40, Coal (tunnel seam) .' 1 2

HI. Shale (place of tunnel)' 19

02. Sandstone 5

;13. Shale 6

714. Coal 4

15. Slate 3

:16. Coal 4

,17. Clay 6

18. Coal 4

• 19. Slate ' 2

20. Coal .'

, 2

: 21. Slate 6

22. Coal : 4

23. Clay 6

'24. Laminated sandstone 3

25. Brown shale 2

r26. Black elate
'.

1 3
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It. In.

27. Coal 6

28. Fire-clay, blue 10

29. Hard sandrock, ferruginous 1 3

30. Sandstone .- 4

31. Limestone, etc., estimated 13 feet, but probably thicker :.. 13

32. Brownshale '. 6

33. Buff clay 3

34. Limestone and shale, with three feet cement limestone, 19 •

35. Blue shale 2

36. Sandstone and shales '. 5

37. Limestone and shales 8

38. Coal i 1

39. Clay 1 6

40. Coal (upper Barnesville, or Cumberland seam) 3

41. Slate,. " " " " 1

42. Coal, " " " " 1

43. Clay 3

44. Sandrock 35

45. Not seen , 4

46. Buff limestone 1

47. Not seen 4

48. Blossom of coal.

49. Clay .". 3

50. Limestone and shale 4

51. Cement limestone , .-. 3 0?
52. Limestone and shale 9

53. Blossom of coal.

54. Clay 2

65. Shale, with nodules of siderite ore 9

56. Laminated sandstone .• 4 9'

57. Shale, with coal plants at bottom 15

58. Coal (lower Barnesville, or Pomeroy seam) : ,... 4 4

59. Clay 3

60. Dark blue limestone '. 3

61. Not seen , 9

62. Buff sandy limestone 4

63. Buff shale 6

64. Dark clay shale , 20

65. Hard blue sandstone (local) 3 "

66. Chocolate-colored clay shale 15

67. Not seen :....' 15

68. Choeolate shale, with nodules of ore 30

69. Hard, laminated sandstone 5

70. Notseen 9

Bed of Leatherwood. (See Map XIV., No. 2.)

This section includes a vertical range of about four hundred feet.
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A general outline section was taken oh a branch of Stillwater Creek,

east of the railroad station, which is approximately as follows :

Ft. In.
1. Coal blossom.

2. Not exposed 30

3. Coal blossom.

4. Not exposed 53 o

5. Limestone 1

6. Cement limestone, estimated 9

7. Not seen .'. 22

8. Coal, upper Barnesville seam (not measured).

9. Notseen 40

10. Limestone 2 0?
11. Cement limestone s ....'.

, 5 0?
12. Not seen ; 46

13. Coal, lower Barnesville seam (not measured).

(See Map XIV., No. 1.)

The larger spaces in this, and in all the sections, were measured by an
aneroid barometer, and can be considered as only approximately accurate.

The weather, by its changes, always affects the instrument. It is also

often very difficult to make the exact corrections for dip. Mr. Nathan
Bundy first called my attention to the upper cement in the last section,

and made the suggestion that it might be the equivalent of the cement
limestone stratum at Warnock's Station, on the railroad. The verifica-

tion of this suggestion served as a key to unlock the stratigraphical puz-

zle of Belmont geology.

The cement limestone last referred to, i. e., the one twenty-two feet

above the upper Barnesville seam of coal, was analyzed by Prof. Worm-
ley, with the following result

:

Silicious matter '.

17.78

Alumina, with trace of iron 1.40

Carbonate of lime 62.50

Carbonate of magnesia :. 17.48

Total 99.16

The cement works of Messrs." T. C. Parker & Sons, in section 21, a

little north" of Barnesville, use a cement limestone found between the

upper and lower Barnesville seams of coal. The stratum is five feet five

' inches thick, and is apparently quite homogeneous. It is not mined in

, open quarry, but by means of a drift-way. With the aid of Mr. Parker
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and of his foreman, I selected a representative sample of the stone,

which was analyzed by Prof. Wormley, with the following result

:

Silicious matter 29.80

Alumina, with trace of sesquioxide of iron 13.80

Carbonate of lime 41.20
" magnesia 15.36

Total 100.16

In a business prospectus issued by the Messrs. Parker I find the follow-

ing analysis of the cement limestone, made by Dr. E. S. Wayne, of Cin-

cinnati :

Carbonate of lime 72.10

" magnesia 11.15

Silica 8.47

Alumina .'.. 4.85

Iron ; 3.10

Loss and moisture 0.33

Total... 100.00

This result is so entirely different from Dr. Wormley's analysis that I

am led to believe that, by some accident, Dr. "Wayne was not furnished

with a representative sample of the proper, cement rock. There can be

no doubt that, theoretically considered, the sample analyzed by Dr.

Wormley is the better stone for a hydraulic cement. The Messrs. Par-

ker make, on an average, eighty barrels of ground cement a day, each

barrel containing two hundred and eighty pounds. The works have a

capacity for one hundred barrels a day. Coal for burning the lime and

for generating steam for grinding the cement is obtained from the lower

Barnesville, or Bellair seam, opened in the vicinity of the works. The
manufacture of cement was commenced by Mr. T. C. Parker in 1858, and

continued until the beginning of the war, in 1861. It was resumed suc-

cessfully in 1868. The cement has a high reputation, and was used with

approval in the construction of the great railroad bridge over the Ohio

River at Bellair.

The coal from both upper and lower Barnesville seams is used, and
numerous mines are opened in the many valleys in the township. A
shaft has recently been sunk near Barnesville, to reach the upper seam.

This is for convenience chiefly, in order to save the expense and trouble

of bringing the coal to town from the neighboring valleys. The lower

seam furnishes a more resinous and cementing coal than the upper, but

both coals are of fair quality. For the generation of steam, for house-

hold use, for rolling mills, and, indeed for the great majority of uses, the

coals are valuable, and the supply is practically inexhaustible.
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Following the line of the railroad east of Barnesville, we find in a

railroad cut on the land of Wm. Stanton, section 10, a thin seam of coal

only two inches thick, which was believed to be the same as the highest

coal- found at Barnesville, about forty feet above the tunnel seam. The
section in this cut is. as follows :

Ft. In.

1. Sandrock .'. 15

2. Clay ; , 4

3. Coal 2

4. Brown clay shale 1

5. Limestone, irregular 1 6

6. Dark-brown shale ...,. 5

Level of railroad track.

About a mile further east, in a railroad cut on the farm of the late

Ezekiel Bundy, Esq., a seam of coal one foot thick is seen, which was

believed to be the same as the Barnesville turinel seam. The section in

the cut is as follows

:

Ft. In.

1. Shaly sandstone 8

2. Black slate 4

3. Coal 1

.4. Clay shale 3

Level of railroad track.

On the same farm an old excavation for coal was visited. Coal was

once obtained here by the late Mr. Bundy for family use. This seam is

twenty-seven feet below the seam in the railroad cut.

SOMERTON TOWNSHIP.

Most of this township lies upon the high ground which constitutes the

water-shed between the Ohio River on the east and Wills Creek waters

on the west. The soil is of fair quality, but the heaviest beds of lime-

stone lie in the valley of Captina Creek, too low, at least, to have much
fertilizing influence upon the soil of the hill-sides. At Temperanceville,

in the extreme western part of the township, Beaver Creek has eroded

its valley below the lower Barnesville, or Wheeling, seam of coal, and

the seam is mined in that neighborhood. The following is a geological

section in the vicinity of the village of Somerton :

Ft. In.

1. Blossom of coal.

2. Not seen (estimated) 20

3. Blossom of coal.

4. Not seen ; 42

5. Blossom, of coal.

6. Not seen 23
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Ft. In.

7. Shale 8

8. Laminated sandstone 4

9. Shale
'.

.'
.• ?... 5

10. Coal 2 5

11. Clay : 2 6

12. Laminated sandstone 5

13. Shale : , 3

14. Laminated sandstone 2

15. Shale 8

16. Limestone, sandy 1 3 -

17. Shale : 16

18. Sandstone ; 4

19. Shale 6

20. Blossom of coal.

21. , Shale, with nodules of limestone 18

22. Limestone ,
'. 10

23. Clay '. 2

24. Hard sandstone 8

25. Shale and laminated sandstone ,.„ 9

26. Buff, nodular limestone 1

27. Shale : , 5

28. Buff limestone 1

29. Shale and laminated sandstone 18

30. Limestone ; 4

31. Clay (not measured) 3 0?

32. Interval to top of shaft (not seen) 5

Shaft at steam mill,

33. Sandstone '. 14

34. Cement ? limestone : 1 8

35. Reported flint ; 1 10

36. Cement ? limestone : 1 3

37. "Whitish sandstone .25

38. Sandrock, found by boring '.

29 ^
(See Map XIV., No. 4.)

The sandrock, No. 38 of the section, found by boring, is not given on

the map. Mr. Eli Yocum, proprietor of the steam mill, reports a thin

seam of coal twenty-five feet below the seam he mines, i. e., No. 10 of the

above section. It does not appear on the map. If our grouping in the

map be correct, the Wheeling seam of coal should have been found in

boring.

GOSHEN TOWNSHIP.

This township lies directly east of Warren. The Central Ohio Rail-

road traverses it from east to west, not far from the north line of the town-

ship. The drainage of the township is chiefly to the south and south-east
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into the waters of Captina Creek. In the extreme north-east is McMahon
Creek, and in the north-west is a branch of Stillwater Creek. The tribu-

taries of Captina Creek do not have the rapid descent from the high

dividing land which characterizes the other streams, and hence no-

where, so far as I could iearn, have they excavated their valleys deep

enough to reach the two principal Barnesville seams of coal, except in

the extreme southern part of the township, where the upper Barnesville

seam is mined. A section was taken in the deep railroad cut, section 28,

in which was found a seam of coal two feet thick, which was believed to

be the equivalent of the highest seam at Barnesville, or the one forty

feet above the tunnel seam. The strata revealed in this interesting cut

are as follows

:

Ft. In.

1. Yellow shales, with strata of limestone, seen on knob above the

cut on A. Millison's land 37 -

Top of cut.

2. White limestone (supposed thickness) 1 6

3. Yellow shale 13

4. Black shale .-. 3

5. Coal 1 5

6. Shale, and thin layers of limestone 4

7. Sandy and clay shale, top yellow, bottom dark 13

8. Coal .?. 2

9. Black shale and slate '. 6

10. Goal 2

11. Clay 1

12. Black clay slate, with many thin layers of nodular siderite ore 12

13. Blue clay, not laminated 4

14. Sandstone : 4

Eailroad track, two feet above the bottom of the sandrock.

(Map XIV., No. 3.)

The hill above the cut is the highest in this part of the county.

In a railroad cut about one-fourth of a mile east of the deep cut last

mentioned, we find the same two-feet seam of coal. The section is as

follows

:

It. In.

1. Shaly sandstone, with black shale below (not measured).

2. Coal 2

3. Underclay 1 6

4.' Black clay shale, with nodules of siderite ore in layers 12

5. Sandrock, with blue, sandy clay, very irregularly bedded 10

Level of railroad track.

There are probably eight feet of dip of the strata between the last cut

and this.

In the next railroad cut, about a quarter of a mile further east, we
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find a mere trace of coal, which probably represents the seam in the

tunnel at Barnesville. The following is the aection in this cut

:

It. In.

1. Shaly sandstone, with yellow shales below .' 8

2. Nodular sandy limestone 2

3. Bluish shale, yellow at top 12

4. Black bituminous slate, with thin streak of coal 2

5. Hard, ferruginous limestone 6

6. Blue clay shale 3

Level of railroad track.

At Pairmount Station, or Burr's Mill, the same group as the last is

seen in a railroad cut. The only representative of the Barnesville tun-

nel seam is a black, bituminous shale, immediately over a ferruginous

limestone. The whole section is as follows

:

Ft. In.

1. Shaly sandstone 6

2. Yellow shale at top, with black, bituminous shale below 4

3. Ferruginous limestone 7

4. Clay (unstratified) shale, blue at top, chocolate-colored below 12

Level of railroad track.

The unstratified clay shale corresponds remarkably with that seen in

the tunnel cut at Barnesville.

In the' second cut, east of Burr's Mill, the same group was found as

before, but with a larger development of limestone. It is given below

:

Ft. la.

1. Yellow shale '. ?. 5

2. Shaly sandstone, changing below into yellow shale 9

3. Ferruginous limestone 10

4. Black, bituminous slate, no true coal seen 1 6

5. 'Ferruginous limestone in nodules, often wanting 4

6. Blue unstratified clay shale, with soft blue sandstone below 14

7. Brown shale 6

8. Buff limestone ; 1

Level of railroad track.

This cut was estimated to be about six hundred feet long, and extends

in a north-east and south-west direction. The exposed strata in the cut

dip to the north-east in this short distance about twelve feet, by a proxi-

mate leveling with Locke's level. The railroad track is not far from

level.

In a valley crossed by an embankment, a little east of this cut, a coal

seam was found which had been worked by stripping. This coal could

not be measured, not being well exposed. It is probably too thin for

, drift mining. This seam is thirty-six feet below the level of the railroad
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track. It is probably the equivalent of the first seam below the tunnel

seam at Barnesville.

In the cut a half mile west of Belmont Station a streak of black, bitu-

minous matter was seen; with yellow shales above and below. It is four-

teen feet above the level of the railroad track. This faint representative

of coal was supposed to be the equivalent of the highest seam at Barnes-

ville—that is, the one about forty feet above the tunnel seam. At Bel-

mont Station cut, the eastern descent of the road being greater than the

dip of the strata, this black, bituminous stratum is over thirty feet above

the track. About ten feet below the track, at the east end of the cut, is

a seam of coal. This seam was believed to be the Barnesville tunnel

seam. This belief is strengthened by finding in the valley farther east,

at the proper distance below, viz., about thirty feet, a seam of coal corre-

. sponding to the one at Barnesville first below the tunnel seam.

A section one half mile east of Belmont Station is as follows

:

Ft. In.

1. Coal (the Belmont or Barnesville tunnel seam),

2. Interval down to railroad track, composed of sandstones and shales 18

3. From railroad track to next coal , 12

4. Coal (not measured). '

5. Not exposed in detail 27

6. Limestone (. ; 3 to 5

If we have brought the identifications along accurately from Barnes-

ville to Belmont, we are prepared to trace the group eastward. It should

be remarked, before leaving Goshen township, that the coal seams are

generally thin, and the coal is worked only to a very limited extent. In

the vicinity of the railroad stations, coal is generally procured from the

cars, brought from the mines towards Bellair. In section 14, in this town-

ship, Mr, Gilbert obtained the following geological section

:

Ft. In.

1. Blossom of coal.

2. Interval not exposed , 100

3. Blossom of coal.

4. Interval not exposed , 36

5. Sandstone .-. 2

6. Shale 2

7. Coal ; 2 6

8. Clay and ferruginous shale 6

9. Shaly limestone 1 6

If we may consider the lowest coal in this section as the equivalent of

the lower seam at Lewis's Mill, i. e., the coal first below the Barnesville

tunnel seam, the next coal above, qf which only the blossom was seen,

will be in the horizon of the tunnel seam, and the blossom, one hundred
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feet higher, will correspond in vertical position to the very highly bitu-

minous slate found high in the hill near Lewis's Mill.

So far as noticed, the soil in this township is excellent. There must

be limited areas over which the soil is made from decomposed shales and

sandstone containing little or no lime, and this soil, where long culti-

vated, and having lost its original organic matter, is thin and poor, ap-

pearing all the poorer by contrast with the rich limestone lands in the

neighborhood*.

SMITH TOWNSHIP.

This township lies directly east of Goshen. McMahon Creek runs

along its northern border, and its tributaries drain the north half of the

township, while the southern portion is drained to the south by tribu-

taries of Captina Creek. No sections were, taken in this township ex-

cept along the line of the railroad.

* At Lewis's Mill a section was taken from the top of the hill south of

the station to the bed of the stream, including the cut a little east of the

bridge. It is as follows

:

It. In.

1. Summit of hill.

2. Not exposed ... .. 10

3. Yellow shale 10

4. Limestone and shales, not seen in detail : 35

5. Highly bituminous laminated hlack slate 10

6. Not exposed , 10

7. Buff limestone (not measured) perhaps 1

8. Not exposed, except sandstone at bottom 22

9. Blossom of coal.

10. Not exposed , 28 6

11. Yellow shale 8,

12. Sandstone and shale , ;, 15

13. Reddish clay shale , , 2 6

14. Slaty coal , 1 .

15. Ooal „...,„ 3 6

16. Clay shale, thickness at west end of cut 13

17. Sandrock, with more or less sandy shales ... 23

18. Blue clay shale 1

19. Coal 1 10

20. White clay parting , 1

21. Coal ..... 8

22. Not exposed here ; elsewhere containing a stratum of limestone ..6
23. Sandstone .^. 4

24. Shale
'.

1

25. Buff clay '.,»•, ,........,.• 3'

26. Not exposed , , , 10

27. Limestone, several layers in bed of stream.;.- 4

(For this section, SeeMap XIV., No. 5.)
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The two lower seams of coal in this section we believed to be the same

as the Barnesville tunnel seam and the one' next below it. They, with

the limestone No. 27 in the above section, constitute a group which Mr.

Bundy and myself traced to Belmont. The coal in the deep cut just east

of Lewis's Mill could not be measured with perfect accuracy. There is

over it some hard black slate, which in places is rather a slaty coal. In

the second cut, east of Lewis's Mill, the lower seam of coal appears about

four feet above the track. The section here is

—

Ft. In.

1. Sandstone, seen 1

2. Shale 11

3. Coal , 2

4. Clay 3

5. Coal i 8

6. Clay 4

At the water station, a mile west of Warnock's Station, we find a seam

of cement limestone. The rapid descent of the railroad from Lewis's Mill

being greater than the dip of the strata, we have descended in the series

to the horizon of the cement limestone, twenty-two feet above the upper

Barnesville coal. In the cut at the water station this cement limestone

measures four feet six inches in thickness. The section at this point is

as follows

:

It. In.

1. Sandstone 26

2. Coal 1

3. Clay shale 25

4. Dark-colored shale 3

5. Sandstone, fine-grained 8,

6. Limestone layers and shales 6

7. Shale 10

S. Limestone 1

9. Shale ./. 1

10. Limestone 1

11. Shale 1

12. Limestone 2

13. Shale 1 6

14. Clay :. 8

15. Cement limestone 4 6

16. Clay shale .- 3

Railroad track. (Map XIV., No. 6.)

On the land of William Warnock, at Warnock's Station, we found the

cement limestone six feet three inches in thickness. The best exposure

is in the bank of the creek, above the railroad bridge. (See Map XIV.

No. 7.) Below the cement limestone are several feet of dark sandy lime-
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stone, argillaceous in places. The cement limestone found at Warnock's

is a fine looking stone, and to the eye can hardly be distinguished from

the Parker cement limestone at Barnesville. The analyses by Dr.

Wormley show great similarity of composition. The analyses of both

are as follows

:

Composition op Warnock's and Parker's Cement Limestones.

Warnock's. Parker's.

Silicious matter >. , 30.60 29.80 ,

Alumina, with trace of sesquioxide of iron 13.00 13.80

Carbonate of lime 40.60' 41.20

Carbonate of magnesia 15.18 15.36

99.38 100.16

There can be scarcely a doubt that the Warnock limestone will make
a good water-lime. It can be obtained in great quantities near the rail-

road, and coal for burning could be easily obtained. At Warnock's

we heard a report that coal had been found in a well only fifteen or

twenty feet below the surface. Such a coal would be in the horizon of

the upper Barnesville seam, which lies from twenty to thirty feet below

the cement limestone. This coal appears in a tunnel about a mile west

of Glencoe Station, where it measures three feet in thickness. The sec-

tion obtained at this point is as follows :

Ft. In.

1. Shale 10

2. Coal, blossom only seen, hut reported thickness 3

3. Not exposed '. 110

4. Sandy limestone 6

5.
>
Shale, with nodular limestone 20

6. Sandy limestone 3

7. Shale .' '„
1

8. Cement limestone 5

9. Shale 1

lft Limestone 2

11. Shale 3

12. Limestone '.

1 6

13. _ Slaty limestone 2 6

14. Cement limestone, first layer 2

15. Slaty streak, thin.

16. Cement limestone, second layer 1 4

17. " " third " A 4

18. " " shaly, fourth layer 3

19. Sandy limestone 4

20. Dark shale 5

21. Coal 3

22. Clay 3

(For this section, see Map XIV., No. 8.)
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I did not learn that the coals seen in this section had been mined in

this neighborhood. Farther east, in the cut at Glencoe Station, the lower

seam of coal in the preceding section is found to be four feet thick, and

twenty-eight feet above the bottom of the cut. The whole section at

this point is as follows

:

Ft. In
1. Group of layers of cement limestone, seen in the last section.

2. Sandy limestone 4

3. Shale 3

4. Coal 4

5. Clay and clay shale 16

6. Sandy limestone 2

7. Shale 3

8. Cement limestone 5

9. Sandy limestone, somewhat ferruginous . 2

Railroad track. (See Map XIV., No. 9.)

A sample of the lowest cement limestone was obtained. The result of

Prof. Wormley's anlysis is as follows

:

Silicious matter 16.70

Alumina, with trace of iron 2.90

Lime, carbonate 58.00

Magnesia, carbonate 21.60

Total .' 99.20

This lower cement limestone is approximately, in the horizon of the Par-

ker's cement limestone of Barnesville, and is probably its equivalent.

The fall of McMahon Creek from Glencoe east is such that it exposes

the Wheeling or Bellair seam of coal about a mile east of Glencoe.

Here the coal first appears in the bed of the stream. The section in the

bank of the creek is

—

Ft. In.

1. Limestone, hard and sandy 5

2. Shales, with nodules of limestone 12

3. Coal 5

4. Shale 3

5. Coal ; 11

6. Clay : 1 2

7. Coal '.

, 2 1

8. Slate 1

9. Coal, reported 3

10. Fire-clay (not measured) 3 0?
11. Dark blue limestone, seen 2

Bed of McMahon Creek.

\
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HIGHLAND TOWNSHIP.

Richland township lies for the most part north of Smith township, but

a corner, containing nine sections, lies directly east of Smith, and is

traversed by the Central Ohio Railroad.

The Bellair coal is every where seen along the line of the railroad.

At the tunnel, east of Glencoe Station, the seam shows very distinctly

where it presents divisions quite similar to those found in the seam in

the creek farther west. A section was taken at this point of such strata

as were visible. Beginning on the hill, we find

—

Ft. In.

1. Blossom of coal.

- 2. Notexposed 65

3. Nodular limestone (not measured).

4. Not exposed 8

a 5. Coal, reported 4

6. Notexposed 53

7. Limestone and shales 20

8. Clay slate '. 6

9. Coal 3

10. Shale 3

11. Coal, slaty 11 '

12. Clay . 1

13. Coal , . 2 2'

14. Slate : ; 1

15. Coal 3 4

(For this section, see Map XIV., No. 10.)

Near the tunnel are the " Meehan mines " of Mr. Owen Meehan, who
ships considerable coal by the railroad. The coal has the bright, resin-

ous appearance which every where characterizes the Wheeling coal.

The proximity of the coal to the road makes the location an admirable

one for easy shipment.

The following results of an analysis of a sample of the coal from the

mines of Messrs. Stewart, Ball, and Meehan are furnished by Professor

Wormley:

Water J 2.00

Ash, gray 5.40

Volatile combustible matter 55 60

Fixed carbon 57.00

Total 100.00

Sulphur in coal 3.48

" left in coke : 1.53

While the sulphur is too great for a furnace coal, yet the coal is well

adapted to the great majority of uses. The percentage of water is small,
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as compared with that of a large number of our most popular coals, in.

southern Ohio; and this amounts, practically, to a very considerable

saving.

On the land of Hon. Isaac Welsh the Bellair or Wheeling seam is

found in good development, and the one eighty to ninety feet above is

reported to be four feet thick. The seam above the latter is found in the

neighborhood, and has been mined by Mr. Helpbringer. There is an in-

exhaustible supply of coal in this vicinity.

PULTNEY TOWNSHIP.

This township is one of the eastern townships of the county. The
McMahon Creek divides it into two nearly equal parts. On the land of

J. F. Hutchinson, section 12, a geological section was made, which re-

vealed the more important strata over the Bellair coal

:

It. In.

1. Cement limestone, thickness not seen.

2. Coal, reported a little below the limestone.

3. Not exposed 33

4. Laminated sandstone .r 2

5. Black slate 1

6. Coal, reported thickness 4

7. Not exposed 29

8. Limestone and shales 15

9. Clay '.

2 6

10. Coal 2

11. Bituminous shale 3

12. Blue limestone 12

13. Limestones and shales ;'. 5

14. Clay 1

15. Nodular limestone 2

16. Clay shale : i 5

17. Coal 1

8. Clay 1

19. Coal, varying from 5 10 to 6 10

(Map XIV., No. 11.) i

There are in the lower seam of coal two thin, slaty partings, thirty-

fourand thirty-eight inches from the bottom respectively. The lower

three inches of the seam are slaty, and contain fish remains and some

imperfectly preserved shells. This coal is mined by Mr. Kidd, and ship-

ped by the railroad. The coal possesses the usual characteristics of the

Bellair or Wheeling coal. About twenty-eight feet above this coal is a

thin seam, measuring two feet in thickness. ' The seam of coal about

eighty feet above the lower or Bellair seam is reported to be four feet

thick. It is not mined, the lower coal generally being preferred. In the
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spring-house attached to the former residence of Mr. Hutchinson we
found a cement limestone in which a basin has been excavated for the

water. The entire thickness of the layer was not seen. Prof. Wormley
analyzed a sample, and reports the following result of the analysis

:

Silicious matter 31.20

Alumina, with trace of iron 6.60

Carbonate of lime ; 37.80

Carbonate of magnesia ; 23.89

This limestone is worthy of further investigation. It has less alumina

than Prof. Wormley finds in the Parker cement limestone, but more than

is found in the reported analyses of some cement limestones in high re-

pute. Should this limestone prove to make a durable hydraulic cement,

the vast abundance of coal will furnish all- the needed fuel for burning

at only the cost of mining. Following the railroad eastward, we find a

good exposure of the lower, or Bellair, coal at the railroad company's

quarry, in section 36. A geological section at this point is as follows

:

It. In.

1. Shale, not well seen.

, 2. Coal, with one clay parting 2

3. Clay
'.

;., 8

4. Coal .'. 6

5. Clay, with nodular limestone. , 5

6. Clay shale 11

7. Coarse' sandstone, quarried and used for the railroad bridge at Bell- i

air 25

8. Shale ; 5

Bailroad track. (Map XIV., No. 13.)

The stone from the quarry is used in the stone-work of the magnifi-

cent iron bridge across the Ohio River at Bellair. We find in some por-

tions of the rock impressions of coal plants, generally large fragments of

drifted wood, which became imbedded in the accumulating sand. They
are found twenty or thirty feet below the Bellair seam of coal, and, of

course, were deposited long before the vegetation constituting that seam
of coal had grown.

About a mile west of Bellair a geological section was made, showing
the upper Bellair coal, the equivalent of the upper Barnesville seam:

M. In'.

1. Limestone ,. 2

2. Shale 5 o

3. Coal 3 6

4. Shale ..: , 10

5. Sandstone , 15

36
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Ft. In.

6. Not seen 25

7. Sandstone 2

8. Blossom of coal.

9. Clays and limestones 10

(Map XIV., No. 12.)

At .Bellair and vicinity the lower and main seam of coal has been

^extensively mined for many years. It has been identified by the Penn-

sylvania geologists as the Pittsburgh seam. It dips below the Ohio

Eiver, in this county, to emerge again in Meigs county, nearly one hun-

dred miles in a Btraight line to the south-west. The Newell's Run
uplift, in Newport, Washington county, brings it to the surface, but

it is here too thin to be of practical value. In the same uplift is the

upper Bellair, or upper Barnesville seam, but it is also thin. There are,

unfortunately, no valuable seams of coal directly upon the Ohio River

between Belmont and Meigs counties. This fact gives no little impor-

tance to the coals of Belmont county. The Bellair or Wheeling coal is

highly bituminous and cementing, of good heating power, and makes a

durable fire. It requires a strong draft for its best combustion, and con-

siderable stoking. It is used in rolling mills, for the. generation of steam,

and for all household and ordinary uses. The great seam underlies

nearly the whole of Pultney township, and is a source of great prosperity

to the region. A careful geological section was taken at Bellair, which

is of great interest in showing the remarkable limestone formation above

the horizon of the Bellair or Wheeling seam of coal. The section is as

follows

:

It. In.

1. Fire-clay ;.... 3

2. Clay, with thin layers of limestone .- 3

3. Limestone « 1

4l Shale „.. 3

5. Notexposed , 7

6. Limestone 2

7. Shale, with nodular limestone 15

8. Clay and interstratified limestone ,. 5
N

6

* 9. Limestone 6

10. Not exposed . v 9

11. Sandy limestone 2 6

12. Clayey limestone '. 1

13. Cement limestone 5 .0

14. Hard limestone '•' 1

15. Cement limestone
, 9

16. Limestone .'
; 7

17. Shale 4
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Et In.

18. Coal, with half-inch parting, twenty inches from bottom 3 10

19. Underclay 10

20. Sandstone .'. 16

21. Shale 1 6

22. Coal 3

23. Shale , 3 6

24. Coal „ ...: 1 2

25. Clay 4

26. Coal 10

27. Limestone , 7

28. Cement limestone .' 6 6

29. Limestone, with interstratifled clay * ^ 6

30. Clay , 2

31. Blue limestone 2

32. Not exposed , 3
* 33. Coal 10

34. Fire-clay 3

^35. Limestone 5

36. Notexposed 20

37. Coal (Bellair seam) 6

(Map XIV., No. 14.)

In this section only one seam of sandstone was seen, viz., the one six-

teen feet thick under the upper coal. The whole hill is made up of

layers of limestone, with interstratified clays and shales. This is in re-

markable contrast with the formation over the equivalent of the Bellair

coal at Pomeroy, where in several hundred feet of strata there was not

seen a single well-defined stratum of limestone. Directly over the coal

at Pomeroy are seventy feet of coarse sandrock. This shows entirely dif-

ferent conditions of deposition.

There are doubtless many more seams of limestone higher in the

hills at Bellair, but they were not exposed. Samples of the cement lime-

stone were furnished by Col. Poorman for analysis by Prof. Wormley.

Nos. 1, 2, and 3 were taken from the lower, and 4, 5, and 6 from the

upper seam

:

No. 1.

Siliekms matter 19.50

Alumina, with iron 11.60

Carbonate of lime 42.70
" magnesia... 25.50

No. 2. No. 3. No. 4. -No. 5. No. 6.

19.60 20.80 28.30 36.60 25.60

9.80 3.20 3.70 4.02 4.60

48.90 51.80 38.80 37.40 47.20

21.18 23.91 28.38 21.18 22.30

Totals..'. .... 99.30 99.38 99.71 99.18 99.20 99.70

Mr. Isaac Booth is successfully manufacturing lime from the cement

stone. The lime is commended by those who have used it. There is no

limit to the supply. t
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Bellair, with, transportation by river and railroad, and an ample sup-

ply of cheap fuel, must become at no distant day'an important center of

manufactures. The coal mines are generally successful, and belong to

the following proprietors : Jacob Hetherington and Sons, Charles Henry,

Wm. Kelly, Peter Schrum, Wm..G. Barnard, and the Pittsburgh Coal

Works.

MEAD TOWNSHIP.

This township is situated on the Ohio River, south of Pultney. It has

an extensive river frontage, and, consequently, contains a large area of

rich bottom land. The hills' are full of limestone, and the soil is gener-

ally good. The township is chiefly drained by Weegee Creek, Big Run,

and Pipe Creek, all small tributaries of the Ohio. The hills are high,

and often steep. The Bellair seam of coal underlies the whole township,

doubtless forming one continuous sheet of coal proximately six feet

thick. From Pultney township the seam gradually dips, and near the

mouth of Weegee Creek it is reported to be found in the bed of the river

at low water.

The coal is mined at several points'—at the Weegee mines, at a point

nearly opposite Moundsville, and near the mouth of Pike Creek, etc.

The coal may at all points be reached by slope or shaft of moderate

depth. The coal every where presents the usual appearance of the

typical Wheeling coal. The location directly upon the Ohio River, the

advantage that can be taken of the dip of the seam for easy drainage of

the mines, and the thickness and general regularity of the seam, and

consequent cheapness of mining, all unite to indicate that in the future

this must be a coal field of much importance.

Coal has been extensively taken from the Weegee mines, in section 32,

by P. Schaefer & Co. Here the seam is reached by a slope at the base of

the riyer hill. The coal is sold to steamboats at the landing, and also

shipped in barges to markets on the river below. The Empire Coal

Company, Smith &; Watson, and Lockwood, Burley & Co., are all engaged

in mining coal in this township.

A careful section was taken of the strata in the hill adjacent to the

river, about a mile below the Weegee mines, as follows

:

It. In.

1. Laminated sandstone .; 6

2. Limestone ., 3

3. Shale 8

4. Hard blue limestone '. 4

N 5. Shale, with a little iron ore 3

6. Nodular calcareous ore .' 3

7. Shale 3
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Ft. In.

8. Bituminous shale , « 1

9. Coal 1 6

.10. Thin underclay (not measured).

11. Laminated sandstone ,
'. 12

12. Shale •.
, 2

13. Limestone .-. 2

14. Shale, with nodular limestone 9

15. Hard laminated limestone 7

16. Not exposed .\ : 86

17. Cement limestone 8

18. Not exposed : 40

19. Coal (Cumberland seam) 4

20. Not exposed 2

21. Sandstone
'.

13

22. Blossom of coal.

23. Sandstone 16

24. Limestone 2

25. Shale : 8

26. Cement limestone 5

27. Interval down to the coal in the slope not examined in detail, but

largely limestone and shales, with one thin seam of coal, about.. 40

(Map XIV., No. 15.)

Samples of the. cement limestone (No. 26 in the foregoing section)

were taken for analysis by Prof. Wormley, and also a sample of the lime-

stone just above. No. 1 was taken one foot six inches from the bottom,

and No. 2 from near the top of the cement stratum. No. 3 is the lime-

stone :

x

No. 1. No. 2. No. 3.

Silicious matter 24:00 17.40 8.60

Alumina, with trace of iron .. 7.00 6.20 4.90

Lime, carbonate 37.90 51.80 80.70

Magnesia, carbonate 30.47 23.94 5.69

Totals 99.37 99.34 99.89

With an adequate market, cement lime could be very profitably made
in Mead township.

YOKE TOWNSHIP.

This township lies on the Ohio River, south of Mead. Captina Creek

runs through the middle of it. The Bellair seam of coal does not con-

tinue its dip at the same rate as seen in Pultney and Mead townships,

for it is found in the bed of the Ohio River at Powhattan, at the
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mouth of Captina Creek. In section,20, perhaps three miles up Captina

Creek, the following section was taken on the land of Albert Green

:

Ft. InT

1. Limestone, somewhat sandy 10

2. Clay shale 4

3. Nodular limestone 1

4. White clay shale 5

5. Coal „ 1 2

6. Clay 1

7. Coal : 5 10

(Map XIV., No. 20.)

The coal is reached by a slope of about fifteen feet in vertical descent.

It is mined at this point only for neighborhood use, and the coal is lifted

by horse-power.

On the land of John Owens, section 27, the following section was

taken

:

Ft. Tn.

1. Sandstone 12

. 2. Not exposed- •. 25

3. Coal . 1 6

4. TJnderclay (not measured).

5.' Not exposed ,,..156

• 6. Cement limestone 10

7. Limestone 6

8. Shale 6

9. Blossom oi coal (Cumberland seam).

10. Clay 1

11. Sandstone :.... 10

12. Shale 8

13. Coal (not measured).

14. Clay 3

15. Limestone 9

16.

.

Not exposed, but fragments of a cement limestone seam seen near

the top 33

17. Limestone 5

18. Shale 10

19. Coal 2

20. Clay parting .. 6

21. Coal 5 10

22. Interval to bed of Captina Creek, from '. 8 to 10

(Map XIV., No. 19.)

The lower coal seam is to be traced from the mouth of Captina Creek

to a point in the edge of Washington township, where it passes beneath

the bed of the stream. It is everywhere low, and is perhaps as high

above' the creek at Mr. Owens's bank as at any other point. The seam
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preserves its average thickness. From Captina Creek a vast body of this

valuable seam of coal could be mined to the north and north-west.

WASHINGTON TOWNSHIP.

This township lies west of York and south of Smith, and is drained

by Captina Creek and its tributaries. The valleys are somewhat nar-

row, but the abundant limestones make the soil of valleys and hill-sides

extremely rich and fertile. /

A careful section was taken at Armstrong's Mills, as follows

:

TSt. In. '

1. Yellow shale 8

2. Blossom of coal.
,

*

3. Clay .... 6

4. Sandstone and shale 15

5. • Laminated sandstone 3

6. Sandy shales 7-

7. Sandstone 4 6

8. Shale '. 10

9. Sandstone 1

10. Not exposed 1

11. Blossom of coal, and not exposed 3

12. Shale 2

13. Laminated sandstone '. 3

14. Compact sandstone 3

15. Laminated sandstone 4

16. Shale 4

17. Sandstone 2

18. Shale , 10

19. Buff limestone , : 1

20. Not exposed........ 12

21. Limestone < 1 6

22. Sandy shale 15

23. Limestone and interstratifled shales 12

24. Hard buff limestone 3

25. Shale 8

26. Shales and sandy limestones, sometimes nodular 20

27. Hard sandy limestone 4

28. Cement limestone 1

29. Hard limestone 4

30. Cement limestone 5

81. Hard sandy limestone, with interstratifled shales 12

32. Shale 1 6

33. Coal (Cumberland seam) 2 '

34. Slate, "
. " 1

35. Coal, " " 1 4

36. TJnderclay :~ 2

37. Sandstone 3

Bed of Captina Creek.
,
(See Map XIV., No. 18.)
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Samples of coal from the lower, or Cumberland, seam 'were taken from

the bank of Hon. Isaac Welsh, about a mile below Armstrong's Mills,

and analyzed by Prof. Wormley, with the following result. No. 1 was
taken from toward the bottom of the seam ; No. 2 was taken from toward

the top of the seam

:

No. 1. No. 2.

Specific gravity 1.352 1.321

Water ; 2.50 2.30

Ash 10.50 11.20

Volatile combustible matter , 32.50 32.50

Fixed Carbon 54.50 54.00

Totals 100.00 100.00

Sulphur 2.44 - 2.62

Sulphur remaining in coke 1.18 Not determ'd.

Percentage of sulphur in coke (as cokeJ 1.81 "

Gas in cubic feet per lb. of coal 3.39 2.96

Color of ash White. Gray.

Coke Compact. Compact.

On the land of David Caldwell, on Crab-Apple Fork, section 27, the fol-

lowing section was taken

:

Ft. In.

1. Coal, with shale roof, three-feet seam, reported 5

2. Not exposed 25

3. Sandstone and shales 11

4. Shale 10

5. Coal /.
?

, 2

6. Clay 1

7. Limestone 2 6

8. Sandy limestone 1

9. Limestone 2

10. White sandy shale 1 6

11. Limestone 3

12.. Laminated sandy shale 10

13. Clay shale 5

14. Laminated white sandstone 12

15. Clay shale .'. 4

16. Coal .-. 3 7

17. Underclay 2

18. Mostly shale 18

19. Buff limestone 2

20. Clay shale 12

21. Hard limestone 1 6

22. Clay 3

.23. Laminated sandstone, hard »,' ; 8

Bed of stream. (See Map XIV., No. 16.)
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The coal seam No. 1 in this section corresponds nearly in geological

position with a seam forty-two feet above the tunnel seam at Barnesville.

The next below, or No. 5, corresponds to the tunnel seam, and No. 16 with

the seam first below the.tunnel and the lower coal seam at Lewis's Mills.

At Barnesville these upper seams are all thin, and of no. practical value.

At Mr. Caldwell's, the lowest, or No. 16, is mined to a limited extent. It

is a coal of fair quality.

The Cumberland, or four-feet seam, has been mined in the north-west

corner of Washington township, on Bend Fork, and appears to have a

dip to the south-east, corresponding to the dip of this stream. It is no-

where more than a few feet above the water. Pieces of fossil silicified

wood were occasionally seen in the bed of Bend Pork, having fallen from

some stratum in the hill-sides, but their original place was not ascer-

tained.

WAYNE TOWNSHIP.

This township lies west of "Washington and south of Goshen. It is

drained by Captina Creek. The soil is of fair quality.

The Cumberland, or upper Barnesville, coal seam is worked along the

creek at various points. A section was taken on the land of Joseph

Moore, section 17, as follows : '

Ft. In.

1. Blossom of coal.

2. Not exposed . 44

3. Limestone ;. 2

4. Not exposed ^
5. Buff limestone ; 1

6. Not exposed.... 13

7. Laminated limestone 6

8. Cement limestone 4

9. Limestone , 11

10. Dark shale ., 2 "

11. Coal (Cumberland seam) , 2 6
t

12. Clay.. , : 2

13. Sandstone many feet thick, but the bottom not seen.

(Map XIV., No. 17.)

The sandstone below the coal forms the bed of Captina Creek for two

or three miles. The cement limestone (No. 8 in the above section) is the

same as that found at Warnock's Station, on the Central Ohio Railroad.



CHAPTER LV.

REPORT ON THE GEOLOGY OP MONROE COUNTY.

This county lies east of Noble and south of Belmont. It has the Ohio

River for its eastern boundary. The river margin is about twenty-nine

miles in length. In this distance, according to report of W. Milner

Roberts, United States Civil Engineer, the river falls 20.557 feet, or about

twenty feet six and a half inches ; making an average fall of 0.708 inches

per mile. Most of the fall, however, pertains to the ripples, which, in

the aggregate, fall 18.28 feet, while the descent in the pools is 2.277 feet.

There are 8.56 miles of ripples and 20.44 miles of pools. The average

fall in the ripples is 2 feet 1.6 inches, and that of the pools is 1.114

inches.

Nearly all of the southern half of the county, except a narrow strip

along the Ohio, is drained by the Little Muskingum River and its

branches. The extreme north-western portion finds its drainage by

Wills Creek. Sunfish Creek drains the larger part of the northern por-

tion. Thus there are three distinct systems of drainage, or, more prop-

erly, drainage slopes, viz., south-western, north-western, and eastern.

The soil of the county is generally good. In many sections there is

considerable limestone of much fertilizing value. The character of the

tillage of the soil is superior to that in many of the counties in the Sec-

ond Geological District. In the survey of the county I have been much
indebted to Hon. James 0. Amos, of Woodsfield, now Adjutant-General

of Ohio, for valuable information and assistance. He accompanied me
through many townships. The county lies not only wholly within the

Coal Measures, but nearer the summit of the series than any other
_

county in the district. The highest seam of coal found in the district is

on a very high hill near Baresville, Ohio township. <

The determination of the relation of the coals in this 'county to those

of Noble and Belmont is attended with unusual difficulties. Th6 Pitts-

burgh, or Pomeroy, seam of coal, if continuous, is every where below

the level of the valleys, and the Cumberland, or upper Bellair, seam is

generally thin and unimportant. There are no coal seams, well-marked

and of ready identification, and no , fossiliferous limestones, like the

Ames or Cambridge limestones of other counties. Indeed, there is noth-
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ing of wide range that may serve as a datum line by which the geologist

may be guided. The dip of the strata, moreover, is not uniform, and,

consequently, is not a reliable guide until it is determined for a given

area ; and identification of the same seam of coal or other stratum at

two or more different points is a prerequisite to this determination of

dip. Hence in a large part of Monroe county the chief geological factors

are unknown terms. The supposition that the Evans coal, near Woods-

field, is the diminished equivalent of the Cumberland, or upper Barnes-

ville seam, appears the more probable one, andl have so given it on the

map of grouped sections. The other seams of coal are all, I think, ac-

curately brought into their proper relation to this, as shown on the map.

FRANKLIN TOWNSHIP.

This township lies on the western part of the county, and borders

Stock township, in Noble county. The land in the northern part of the

township is high, and divides the waters of Clear Creek—a branch of the

Little Muskingum Eiver—from those* of Wills Creek, which flow north-

ward.

There is considerable limestone to be seen, and the soil is generally

productive.

The Cumberland seam of coal, which extends so generally through

Noble county, and which is found in the hills at Carlisle, is found in

the neighborhood of Stafford. The larger developments seen were on

Road Fork, and they may be located just over the line, in Elk township.

Here the coal is four feet six inches thick.

The following section was taken on the land of Mr. Ed. Okey, in sec-

tion 8

:

it. In.

1. Blossom of coal.

2. Not exposed, sandstone at top 90

3. Buff magnesian limestone 10

4. Shale 2 6

5. Coal „ 3 8

6. TTnderclay 2

7. Sandstones and shales 10

8. Hard limestone f. 3

This section is by oversight placed on the Noble County Map of

Grouped Sections XII., No. 33.

The creek at Okey's Mill, on Clear Pork, is reported to be forty-five

feet higher than Road Fork at the woolen mill, but the coal at both

places is covered by the same'buff limestone. Further down Road Fork

the limestone is replaced by sandstone. There are changes in thickness

of the coal and in the lithological character of the associated strata, and
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there are undulations in the strata which change locally the direction

of the dip.

In section 7, in this township, the coal of the Cumberland seam is re-

ported to be only one foot eight inches thick. It will be hereafter seen

that as we go eastward this seam of coal becomes thin, and of far less

value than in Noble county.

Dim traces. of a higher seam were seen in section 8. This is a coal

horizon, but the seam is never found to be of much importance.

' SENECA TOWNSHIP.

This is the north-western township in the county. It is intersected by

several branches of Wills Creek, which have, during the ages,
s
made for

themselves beautiful and fertile valleys. There is also generally lime-

stone enough in the hills to make the soil of the hill-sides productive.

The streams rise in the high lands to the east and south-east, in Summit
and Malaga townships. Traces of four seams of coal were seen in pass-

ing from the valley at Calais to Miltonsburg, in Malaga township-, but

at the time of the examination we learned of no openings where ac-

curate measurements could be made. Since that time I have heard that

openings have been made into some of the seams. The two lower seams

are pretty low in the hills, while the others are quite high.

The geological section from Calais to Miltonsburg is as follows

:

Ft. In.

1. Blossom of coal.

2. Not seen : 45

3. Limestone (not measured).
v

4. Not seen ?". 92

5. Blossom of coal.

6. Interval not seen 193

7. Blossom of coal.

8. Underclay ,...,.,....., 2

9. Buff limestone 7

10. Shale * 6

11. Sandstone, with some shale 20

,
12. Blossonl of coal.

13. Shale >. 16

14. Buff limestone 1

15. Shale : 4

16. Buff limestone , 4

(Map XIII.,' No. 1.)

The coal No. 5 in the above section was thought to be the equivalent

of a thin seam seen in the deepest cut on the Central Ohio Railroad, in

Goshen township, Belmont county. Coal No. 7 in the section is sup-
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posed to be the equivalent of the coal in the Sunfish valley, near Woods-

field. In the interval of one hundred and ninety-three feet between Nos.

5 and 7 in the section, which did not reveal to us its strata, every thing

being buried with soil, there should be found other seams of coal, which

at other points have been found of some value.

MALAGA TOWNSHIP.

This township lies west of Seneca, and borders Somerton, of Belmont

county, on the north. It is, for the most part, on the high, broad ridge,

which, beginning in Summit township on the south, extends north

through Somerton, "Warren, etc., townships, in Belmont county, and con-

stitutes the divide between the direct tributaries of the Ohio on the east

and the various tributaries of Wills Creek on the west. Much of the

high land is smooth, and well adapted to fruit culture. Traces of thin

seams of coal were found in going, from Miltonsburg to Calais, which are

mentioned in the report for Seneca township. Traces of similar seams

were seen on the road from Miltonsburg to the deep valley of Sunfish

Creek, in Center township, which at Ford's Mill is v about three hundred

feet below Miltonsburg. They were nowhere opened, and probably are

too thin to be worked, except in a small way for neighborhood use, by the

rude method of stripping. They are all high in the geological series,

and nowhere in the Second Geological District are they found to be of,

much practical value. Some limestone strata were seen, which aid much
in fertilizing the soil.

SUMMIT TOWNSHIP.

This township is well named, for it is upon a very high ridge, from

which the water flows into Wills Creek on the north-west and west, into

Sunfish Creek on the east, and into various tributaries of Little Mus-

kingum on the south. A hill on the, land of George Frock, a half mile

south-west of the village of Lewisville, is one of the highest points in

the county. It-is one hundred and thirty feet above the upper seam of

coal, and about three hundred and forty to three hundred and sixty

above the lower coal found on the South Fork of Wills Creek. A distant

knob, in the direction south, 25° east, is a little higher. The Lewisville

hill is on the Marietta road, and, as usual in south-eastern Ohio, the

road runs over the highest point ! The following section was taken in

passing from the Lewisville hill down to the coal seam on the South Fork

of Wills Creek

:

Ft. In.

1. Top of knob.

2. Not exposed : 130

3. Blossom of coal.

4. Limestone 2
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'

It. In.

5. Shale 3

6. Sandstone 2

7. Shale .„ 3

8.
.
Limestone .- 4

9. Shale 5

10. Limestone 1

11. Shale, and not seen 28

12. Buff limestone ; , 6

13. Shale 5

14. Limestone 1

15. Not seen 15

16. Dark clay shale 15

17. Coal (Cumberland seam) 1

(Map XIII. , No. 2.)

i

On the land of Wm. Smith, section 18, the following section was

taken

:

Ft. In.

1. Limestone 1

2. Not exposed -. 54

3. Clay shale 8

4. Black slate, with coal plants 1 3

5. Coal (Cumberland seam) 1 10

(Map XIII., No. 3.)

The coal has been mined by Mr. Smith to a small extent, and some

has been taken to Woodsfield.

On the land of J. R. Fisher, on Sunfish Creek, north of Wm. Smith's,

a stratum of iron ore nine inches thick is reported by Hon. J. 0. Amos.

It is thought to be about fifty feet above the Woodsfield (Evans) seam of

coal.

WAYNE TOWNSHIP.

This township lies south of Summit and west of Center. . It is drained

by the Little Muskingum and its branches. The general character of

the surface of the hills and valleys corresponds with that of the adjacent

townships. The land is of fair quality, and some limestones are found,

which serve to fertilize the soil.

In this township, as in many of the townships in this county, there is

little of economic interest or value in the geological features. So far as

could be learned, all the seams of coal are thin, and exposures for meas-

urement were not- found. It is, however, quite possible that' at some

points the coal may be thick enough to be of considerable practical

value. No good geological sections were taken in the township.
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BETHEL TOWNSHIP.

This is the south-eastern township of the county. It is chiefly drained

by the waters of Clear Fork of Little Muskingum. The Cumberland

seam of coal is found in this township, it being readily traceable from

Elk township, of Noble county, on the west. On the land of Lorenzo

Manly, section 2, the following geological section was obtained

:

It. In.

* 1. "White limestone (not measured).

2. Notexposed 25

3. Sandstone 12

4. Shale 7

5. Coal (Cumberland seam) 110
6. Clay, " " ". 1 8

7. Coal, " " 3

8. Clay, sandstone, and shale 9

9. Impure limestone 1

10. Shale 8

11. Sandstone > 18

12. Bed shale
'.

6

13. White limestone 2

Bed of Indian Bun. (Map XIII., No. 21.)

Mr. Frank Halliday, in the same section, has mined the same seam of

coal quite extensively? The coal must be found in all the hills in its

proper geological horizon.

WASHINGTON TOWNSHIP.

This township lies east of Bethel. It borders Ludlow, in Washington

county, on the south. It is drained by Clear Creek and other tributaries

of the Little Muskingum.

The Cumberland seam of coal is found in this township, but so far as

could be ascertained it is in limited development. Very little coal has

been mined in the township. The village of Graysville is supplied from

Indian Fork, in Bethel township.

On the land of J. Knowlton, section 24, we find the following geologi-

cal section

:

Ft. In.,

1. Buff limestone 8

2. Shale ....?.. 15

3. Sandstone 8

4. Shale %
5. Coal'. '. 1

6. Clay i

'.

2 6

7. Coal : 1

Bed of run. (Map XIII., No. 20.)
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Traces of two higher seams of coal were seen, but the seams are no-

where opened. They are probably thin. Limestones are found in the

hills, which tend to fertilize the soil.

BENTON TOWNSHIP,

This township is situated upon the southern border of the county. It

is east of Washington and west of Jackson townships. The Little Mus-

kingum River flows through it.

No very interesting geological facts were obtained here, the only coal

seam mined, so far as could be learned, being one of the higher ones. The

upper part of the seam is often quite slaty. On the land of Eli Eddy,

section 11, the seam is mined, and found to be three feet thick. This

seam is believed to be the same as that found on the lands of Wm. Raper

and George Shy, section 34, Jackson township.

About thirty feet below the coal in Jackson township is found nodular

iron ore. It is worth looking for in the same geological horizon in Ben-

ton, for it may be found to exist in a regular seam of much value.

In section 18 a seam of coal is reported to be four feet thick—three feet

of it slaty—overlain by thirty feet of sandstone.

PERRY TOWNSHIP.

This township lies east of Washington, and is wholly upon the waters

of the Little Muskingum. There is much limestone in many of the

hills, and the soil is generally good.

Coal is seen at several points. At Basil Dye's, section 21, the seam is

unusually thick for this region. A geological section at this place re-

vealed the following

:

M. In.

1. Shale 6

2. Hard, brittle limestone 10

3. Laminated" crumbling limestone 6 0.

4. Not seen , ; 8

6. Fine-grained greenish sandstone 5

6. Laminated blue limestone 2

7. Hard blue limestone 3

8. Notexposed ,
.' 80

9. Shale 8

10. Coal ; 1 6

11. Clay shale 4

12. Coal : 2 7

(Map XHL, No. 8.)

This seam of coal is thought to be the Cumberland seam, and is so

grouped on the map. There are so many changes of dip and undula-
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tions of the strata through all this region, that it is very difficult to

make out the equivalents.

At Alexander's Mill, section 3, in this township, another section was

taken, showing the coal and associated strata, as follows

:

It. In.

1. Sandstone .-. 25

2. Shale 46

s 3. Sandstone 20

4. Clay shale 50

5. Coal, somewhat slaty ; 1 3

6. Clay shale, with coal plants .'.
. .. 1

7. Coal 6

8. Slate 2

9. Coal 8

10. Clay and clay shale, with nodules of siderite ore 9

11. Limestone, nodular „ 1

12. Shaly limestone :. , 3

13. Limestone •. 3

14. Clay shale to bed of creek 3

(Map XIII., No. 7.) .

Another seam of coal is reported as having heen found eleven feet be-

low the bed of the creek, or about thirty feet below the other seam. We
had no opportunity to see it. The seam given in the section is opened

and wrought in section 35, in the same township. It is also mined in

Center township.

JACKSON TOWNSHIP.

This township lies upon the Ohio River. The dividing ridge between

the Ohio and Little Muskingum waters extends through the western and

north-western portions of the township. There is a long stretch of rich

alluvial land bordering the Ohio River. This must compensate for a

comparative dearth of valuable minerals. The township is not, how-

ever, destitute of coal, but the quality is not the best ; and there is. also

promise of iron ore.

On the land of Wm. Raper, section 34, the following section was taken

:

It. In.

1. Laminated sandstone 12

2. Sandy shale 8

3. Coal, upper three feet slaty 4

4. TJnderclay, sandstone, and sandy shales 30
r
5. ' Red shale, with ore near the top 35 0'

6. Heavy sandrock « 25 Q>

7. Shale, with traces of coal , '.i ..~.10' 0'

8. Buff sandy limestone Q'lQj

37
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m. In.

9. Laminated sandrock 30 9

10. Shale 18

11. Limestone 1

12. Shale ; 8

13. Sandstone 5 o

14. Shale, and not seen .. . 22

15. Sandstone 4

16. Buff limestone ..; 1

17. Shale : 5

18. Limestone layers, white and huff ,
, 11

19. Hard, greenish, fine-grained sandstone 3

20. Interval to Ohio River 50

(Map XIII., No. 23.)

The last three items of the above section are not included in the map.

The limestone in No. 18 of the section is sometimes burned into lime.

The same seam of coal seen on Mr. Raper's land is mined by Mr. George

Shy, who lives also in section 34. The seam measures three feet, the

upper part showing the usual slaty character. Iron ore is found thirty

feet below the coal. It is not yet known to constitute a regular layer.

Mr. Shy has dug a ton or more of it. A sample of the ore was analyzed

by Prof. Wormley, and found to contain only 12.13 per cent, of metallio

iron.

CENTER TOWNSHIP.

This township is central in the county, and in it is Woodsfield, the

county seat. Sunfish Creek flows through it oh the northern part, and

branches of the Little Muskingum drain the southern portion.

The seams of coal in this township are, so far as seen, thin, although

they are mined for the home supply. Some very superior iron ore is

found in the red clay shales west of "Woodsfield.

The following geological section is a grouping of the more important

strata seen in passing from Woodsfield north, down into the valley of

Sunfish Creek

:

It. In.

1. Red clay shale, with nodules of iron ore 9

2. Red shale, with a little ore ; 26

3. Limestone 1

4. Red shale, with nodules of ore at bottom * 27

5. Not exposed 51

6. Coal, reported 6

7. Not seen 23

8. Coal (gtripped west of Woodsfield) 1 6

6. Chiefly shales, with some nodular'ore (west of Woodsfield) 70

10. Blossom of coal.
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St. In.

11. Not seen 91 •

12. Sandstone 5

13. Shale 4

14. Coal (Cumberland seam) .....' 1 8

15. Clay, " " coal plants 2 8

16. Coal, " " .' 2

17. Clay, " "
... 5

« 18. Coal, " " „ 10 ,

19. Underclay.

(Map XIII., No. 6.)

The measurements of the lower coal were made at the bank of Stephen

Evans, where the coal is mined by a drift-way. This is a good locality

for finely preserved coal plants. There is by the road-side, as we de-

scend from the high ground into the valley, a heavy sandrock, twenty

feet thick (not given in the foregoing section), the place of which * is

twenty or twenty-five feet above the blossom of coal marked No. 8 in

the section. The thin coal, No. 6, may be directly under the sandstone,

although not seen at this point.

On the land of Robert Pope the same seam of coal as that mined by
Mr. Evans is seen, with the following subdivisions

:

Ft. In.

1. Coal 1 8

2. Clay „ 4

3. Coal 2

4. Clay 6

6. Coal , 2

6. Clay 4 .

7. Coal 9

The geological section, including this coal, is seen on Map XIII., No. 4.

In the bed of Sunfish, a little above the water, we find on the land of

Henry Windland a fine stratum of cement limestone. It is about sev-

enty-five feet below the Evans seam of coal. The geological section at

this point is as follows

:

It. In.
1. Coal (Evans seam)—not measured.

2. Not exposed 61

3. Limestone '.

4 o

4. Magnesian, or cement, limestone 1

5. Shale „ 6

6. Limestone „ 1

7. Clay shale ; , <.... 2

8. Cement, or magnesian, limestone , 5

9. Limestone 4 o
(Map XIII., No. 5.)
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A sample of the lower cement limestone taken frorn near Henry Wind-
land's Mill was analyzed by Professor Wormley, with the following re-

sult:

Silicious matter 20.90

Alumina and sesquioxide of iron 6.10

Lime, carbonate . „ 44.00

Magnesia, carbonate 29.02

Total 100.02

This limestone has a handsome appearance, and with proper treat*

ment should make a good cement lime. *

The iron ore found in the red shales west of the town is very pure

and excellent, as will be seen from the following analysis by Professor

Wormley

:

Specific gravity...... 2.900

Water , 2.00

Silicious matter .' '. 13.28

Iron, sesquioxide 77.11

Alumina 4.40

Manganese 0.40

Lime, carbonate , 1.79

Magnesia, carbonate 0.30

Sulpbur 0.06

Total , 99.34

Metallic iron „ 53.98

Phosphoric acid trace.

This is scarcely a hydrated sesquioxide or limonite, the percentage of

water being only 2. The iron made from this ore would be admirably

adapted to the manufacture of Bessemer steel.

At Stead's Mill, section 27, the following geological section was taken

:

Ft. In.

1. Crumbling limestone, somewhat magnesian. 2

2. .Interval not exposed ,.?...'. 148

3. Sandstone 10

4. Shale 5

5. Sandstone 1

6. Coal 2

7. Black bituminous slate : 3

8. Coal .' 2

9. Shale '. 6

10. Coal 1

11. Clay s 3

2. Coal 6

(Map XIII., No. 9.)
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In passing down Standing Stone Branch of Sunfish Creek from Woods-

field we find traces of two or three seams of coal. The upper one has

• supplied a little coal from stripping. This is ninety feet below the level

,of the street in front of the Star House. Below this are traces of a so-

called pottery seam, the underclay of which is used for making ware.

This pottery seam must be one hundred and thirty to one hundred and

forty feet above the cement limestone. The place of the Evans coal is

about seventy-five or eighty feet above the same limestone. There is on

Standing Stone a heavy sandrock, forty feet thick, seen near the old pot-

tery works. It is a firm and durable stone, but hard to Work. Under-

neath it are clays and shales, and a trace of a coal seam.

On the land of A. Chrisner, section 14, on Standing Stone, three miles

east of Woodsfield, a geological section was taken, which is seen on Map
XIII., No. 12. Here both the cement limestone and the Evans coal are

seen.

From Chrisner's the descent of the water of .Standing Stone and Sun-

fish to section 25, in Adams townshjp, a distance of four and a, half miles

in a straight line, is by aneroid barometer one hundred and seventeen

feet. The cement limestone, which is in the bed of Standing Stone at

Chrisner's, is in section 25, Adams, thirty feet above the bed of Sunfish.

This gives a dip of eighty-seven feet, or about nineteen feet per mile.

Below the cement limestone comes in a heavy sandrock.

ADAMS TOWNSHIP.

This township lies east of Center, and directly upon Sunfish Creek,

which passes through the middle of it from west to east. The geology-of

the township is simple, for the cement limestone of Center township,

with the seam of coal about eighty feet above it, is easily traced all the

way down the creek through the township. In some places it is thirty

feet above the stream, while at Cameron it dips below it. In one place

a well-defined arch is made by the limestone group.

A geological section was taken on the land of Jacob Weekly, section 25,

which is given irf Map XIII., No. 13.

Here we have one of the very best developments of coal seen in the

county. There are four feet three inches of coal, exclusive of two thin

clay partings, one two and a half inches, and the other one inch thick.

Over the coal is a foot of slate, and over the slate sandstone. If there

were a railroad up the valley of Sunfish to Woodsfield, this would be the

source of supply for the region west.

In the neighborhood of Cameron, and partly on the land of John

Boughner, in section 13, a geological section was taken, which is given
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on Map XIII., No. 14. In this section are three seams of coal above the

cement limestone—one the Jacob Weekly seam, about eighty feet above,

another only seen in its blossom or stain, ninety-six feet higher, and a

third, reported to be three feet thick, sixty-four feet above the second.

The lower seam is mined successfully for the supply of several neighbor-

ing villages and mills. The upper seam is probably thick enough to be

worked.

At Cameron the cement limestone dips below Sunfish Creek, and does

not I think, reappear at any point down the stream.

On the lands of Mr. Moberly and Leonard Twinem the same shales

found north of Woodsfield are seen, with similar promise, of iron ore.

The nodules appear to be.of larger average size. The ore is excellent.

v
' STJNBUBY TOWNSHIP.

This township is situated on the northern border of the county. It

lies upon the high ridge*dividing the waters of Captina Creek, in Bel-

mont county, on the north, and those of Sunfish Creek on the south.

The principal drainage, however, is toward the latter stream. While

there is much smooth and comparatively level land along the summit of

the broad ridge, the southern slope is somewhat roughened by the tribu-

taries to Sunfish, which in many places have scored for themselves deep

and rocky channels. In the geology of the township little of economic

importance and value could be found. The chief seams of coal of Bel-

mont county are far beneath the surface. In Wayne township, Belmont

county, which lies directly north of Sunbury, the upper Barnesville, or

Cumberland, seam is near the bed of Captina Creek. If the Evans coal,

on Sunfish, north of Woodsfield, is the same seam, it is evident that it

must be far below the general surface,in Sunbury. In Washington town-

ship, Belmont, in section 27, on Crab-Apple Fork, are three seams of coal,

which come in above the one last mentioned. They are respectively

about ninety, one hundred and thirty, and one hundred and seventy-five

feet above the upper Barnesville seam, the seams being three feet seven

inches, two feet, and five feet (reported) thick. These are also below the

surface of the Sunbury Ridge.

Near Beallsville is a thin seam of coal, perhaps one hundred and twenty

feet below the level of the village, which is sometimes stripped for local

use. As we descend a valley to the south we find, about one hundred and

twenty feet below this coal, under a heavy sandrock, a streak of black

bituminous shale, which doubtless represents a coal horizon, although at

this point no coal was foilnd. About • forty feet lower was an apparent

stain of coal. It is possible that these traces may be the impoverished
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representatives of the two upper seams referred to on Crab-Apple Fork, in

Washington. It may be that at other points in Sunbury they may be

found of some value.

At another place two blossoms of coal were seen on Piney Creek, one

low in the valley, and the other one hundred and twenty or one hundred

and thirty feet higher. It was impossible to determine their exact

stratigraphical position in the general series. The inquiries made by

Hon. Mr. Amos and myself in this township were not rewarded by any

definite information respecting any coal seam of value. It is, however,

not improbable that somewhere these high seams—generally thin and

unimportant—may be found sufficiently thick for working and adequate

to all local demands.

SALEM TOWNSHIP.

Tnis township lies east of Adams, and has the Ohio River for its east-

ern border. Sunfish Creek passes through the township from west to

east, emptying into the Ohio at the village of Clarington. Possum Creek,

which empties into the Ohio two or three miles below Clarington, drains

the southern part of the township.

In descending Sunfish Creek the cement limestone, which is about

eighty feet below the Woodsfield seam of coal, dips below the stream in

the neighborhood of Cameron, in the western part of Adams township.

From Windland's Mill, in Center township, to Cameron, this limestone

has been found to dip to the eastward nearly with' the fall of the creek.

But in Salem township, the fall of the creek, as it approaches the Ohio

River, is probably less, and thus the cement stratum would have its place

somewhat below the bed of the creek at Clarington. The Woodsfield

coal should be about eighty feet ahove. We find a seam of coal at several

points in the lower part of the Sunfish valley, which is the continuation

of this seam. It is seen most distinctly at the bank of Jacob Mehl, a

fourth of a mile up Negro Run, a branch of Sunfish, about a mile from

Clarington. , Here the seam shows the following subdivisions

:

Ft. In.

1. Coal 1 6

2. Clay 1

3. Coal '.

6

4. Clay ; 3

5. Coal 4

6. TJnderclay 2 4

At Clarington the same- seam is mined by Jonathan Jones, where we
find the upper bench of coal one foot six inches, separated by an inch.
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parting from a lower bench of four inches. The lowest bench found at

Mr. Mehl's bank was not noticed here. The Jones seam of coal at Clar-

ington is about twenty-five feet above the top of the shaft sunk to reach

the Wheeling seam of coal. The shaft is now filled with water, and I

could learn little of the strata through which it passed. In the debris

around the^shaft I saw fragments of cement limestone. It was re-

ported that this cement limestone came from about fifty feet below the

top of the shaft, or about seventy-five feet below the coal. This is about

the pi. toe of the cement stone, with reference to the Woodsfield seam of

coal. Is the Woodsfield,' or the Jacob Weekly (of Adams township), seam

©f coal the same as the upper Bellair and upper Barnesville seam ? I

have so given it in the grouping on the map, not as a settled fact, but as

the more probable determination. It is very difficult to carry the exact

place of a seam of coal through long ridges and highlands, such as hem
in the Sunfish valley on the north and west. The dip is unknown both

in rate and direction, and the seams of coal are often subject to very

great changes in thickness and quality.

If the Clarington coal seam, twenty-five feet above the shaft, is the

upper Barnesville seam, then the shaft, eighty feet deep, is deep enough

to reach the Wheeling seam ; at least, the seam could not be far below,

for the greatest interval I have found between the two seams is one hun-

dred and five feet. The shaft should certainly have been sunk a few feet

lower before abandonment, or a trial boring should have been made. If the

•seam above the shaft is not the upper Barnesville, or upper Bellair, seam,

it must be the one found in Belmont county some ninety feet higher

—

the first seam below the tunnel at Barnesville—and in that case the shaft,

or boring, must be sunk ninety feet deeper to reach the Wheeling seam.

But the shaft is deep enough to have passed through the upper Barnes-

ville seam, but nothing was seen of this, so far as I could hear. The
probability is, I think, in favor of regarding the coal above the shaft as

the, upper Barnesville seam, which is the Cumberland seam of Guernsey,

Noble, and Washington counties. If a few feet had been bored below the

bottom 'of the shaft without finding the Wheeling seam, we might have

serious doubts in regard to finding it at all. At Somerton, in Belmont

county, its horizon was passed through in boring, and no coal was found.

In several counties between Meigs and Belmont it is subject to great

changes, and it often disappears altogether. There are certain areas

where it is continuous and uniform, where a shaft might be sunk to it,

with a strong antecedent probability of finding the seam in good develop-

ment ; but as a rule it is not safe to sink a shaft to find this or any other

seam of coal in Ohio, without first making a trial boring.
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Besides the seam supposed to be the upper Barnesville, or Cumberland

seam, mined by Mr. Jones, near Clarington, and by Mr. Mehl, on Negro

Run, there are in Salem two well-defined seams higher in the hills—one

about one hundred feet above Mehl's seam, and the other about seventy

feet higher. Both of these have been opened, but are little worked.

In passing up Negro Run we find on the land of Abraham Long, sec-

tion 2, both of these seams. The geological section is as follows

:

Ft. In.

1. Coal 2

2. Shales, with a little sandstone 70

3. Coal , 2 10

4. Slate parting 2

. 5. Coal ; 8

6. Not seen, probably clay ; 3

7. Hard blue slate 6

8. Blue, sandy, bituminous limestone 8

9. Blue slate . 2

10. Limestone, weathering buff 2

(Map XIII., No. 19.)

SWITZERLAND TOWNSHIP.

This is the north-eastern township of the county. The land is gener-

ally high, and, from the ridge running east and west through the center

of the township, streams flow to the north into Captina Creek, to the

east into the Ohio, and to the south into Sunfish. The soil is largely

formed of disintegrated shales and sandstones, and is naturally less rich

than the more limestone soils, but the German and Swiss farmers have

dpne wonders in its cultivation, and there is no better farming in the

'

State. Almost every farm has its small vineyard, and other fruits are

Successfully cultivated. There is an air of neatness and thrift quite in

Contrast with the slovenly character of much of our native American

farming in Southern Ohio.

On the land of Jacob Davis, in section 3 of range 4, is seen in the bed

of a stream a seam of coal, reported to be four feet thick, which is the

flame seam as the upper one on the land of Abraham Long, in section 2,

Salem township. The coal is somewhat slaty. It is given in Map
XIII., No. 22. Above this seam of coal no other coal was seen in climb-

ing three hundred and sixty-eight feet to the top of a high knob on the

farm of Charles Dota, about two miles to the north or north-east of Mr.

Davis's, in section 3. On the summit of the knob are "several feet of

Crumbling limestone. Below the limestone, are red and yellow shales,

below which is a heavy sandrock, nearly fifty-feet thick. (See Map XIII.,
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No. 18.) The highest part of the ridge cannot be less than five hundred
and fifty feet above the Ohio River, and it may be six hundred feet. •

On the land of Ezekiel Mills is a layer of limestone. It is probably not

less than one hundred and fifty feet below the limestone on Mr. Dota's

hill. Nothing more of geological interest could be found among these

high hills.

GREEN TOWNSHIP.

This is an irregularly shaped township, lying west of Ohio township.

It is drained chiefly by the Little Muskingum River and its branches,

excepting the eastern part, in which are the heads of Possum Creek. A
section was taken on the land of Harvey Huffman, disclosing three

seams of coal. The section is as follows

:

Ft. In.

1. Blossom of coal.

2. Not exposed , 72

3. Sandrock 23

4. Shale 3

5. Blossom of coal.

6. Not exposed 65

7. Slaty coal, with shale roof : 6

8. Slate parting 1

9. Coal 9

10. Parting 1

11. Ooal
'.

10

12. Parting, thin.

13. Coal 8

The middle seam of the above section, or No. 5, is worked near New-

castle, where it is two feet thick. It is said to be of excellent quality.

No other seams were seen in this township.

OHIO TOWNSHIP.

This township is situated upon the Ohio River. From the curves of

the river it has a long stretch of river border, and, consequently, a large

area of rich alluvial valley land. The hills back from the river are very

high. The north-western portion of the township is drained by Possum

Creek, which flows in a. general north-eastern direction, and empties into

the Ohio in Salem township. The population is similar to that of

Switzerland township, and the cultivation of the soil receives very care-

ful attention. Near Sardis two seams of coal are found—the lower one

about ninety feet above the Ohio River, and the other about one hundred

and ninety feet higher. (See Map XIII., No. 10.) The lower was not
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measured. It is probably the equivalent of the Woodsfield seam. The
upper seam presents the following subdivisions

:

m. In.

' 1. Shale v 3

2. Cfcal , 6

3. Clay .-. 3

'4. Coal 1 8

n The quality of the coal of the lower bench is good. This seam is re-

ported to be worked at another point, and found to be four feet thick.

This measurement probably includes the clay parting. A seam of hard

blue limestone, two feet thick, is seen about one hundred and forty feet

below the upper coal. A very long section was taken at Baresville, ex-

tending to the top of a very high hill, about two miles from the village,

which disclosed four seams of coal. The lowest one, probably the Woods-
field seam, is about forty-five feet above low water in the Ohio River.

This is two feet thick. The next is one hundred and ninety-three feet

higher, with nine inches of coal in the upper bench, separated from the

lower bench of two feet by four inchea of clay parting. About one hun-
dred n nd forty-seven feet higher is the blossom of another seam of coal.

Nearly three hundred feet higher, and on the summit of the hill, is an-

other blossom of coal. This hill, by the barometer, is six hundred and
seventy-nine feet high from the low-water level of the Ohio River.

About one hundred and thirty-five feet below the top of the hill are six

feet of limestone, the lower two of which are cement limestone. Eight-

een feet lower are two feet of sandy limestone. This section is seen on
Map XIII., No. 11. It is for the most part a weary alternation of sand-

stones and shales.



CHAPTER LVI.

REPORT ON THE GEOLOGY OF PICKAWAY COUNTY.

This county lies wholly within the Scioto valley, and is bounded by

Franklin county on the north, Fairfield and Hocking counties on the

east, Ross county on the south, and Fayette and Madison on the west.

The principal affluents of the Scioto within this county are on the east

—

Scipio Creek and Little Walnut Creek ; and on the west, Darby Creek

and Deer Creek. The last mentioned empties into the Scioto in Ross

county. Deer and Derby creeks are streams of considerable size, which

rise in the north-west, beyond the limits of the county, and flow through

it to meet the Scioto.

SURFACE GEOLOGY.
t

The general surface of this county is comparatively level, and consti-

tutes a part of the broad area of the smooth and unbroken country which

stretches away to the north and west through a large number of coun-

ties. The valley of the Scioto, which .in southern Ross, and in Pike and

Scioto counties, is gradually diminished in width as it approaches the

Ohio River, becomes in Pickaway county wide enough to include nearly

all the county. No high, rough hills border the river ; but in the dis-

tance, especially on the east, we find a somewwat elevated horizon, as the

lowlands gradually pass by beautiful undulations into the highlands,

which divide the waters of the Scioto from those of the Hocking. It is

among these gent
(

le hills that we find the finest scenery of the county.

The whole county is covered with Drift, and every where can we'find,

in gravel or bowlders; evidences of an agency which has brought for-

eign materials and scattered them over the surface. The bowlders are

composed of granites, diorites, -quartzites, etc., which have come from

regions north of the lakes. Occasionally a limestone bowlder is seen,

and much of the Drift gravel is composed of the same material. The
whole surface of the county presents the appearance of having been once

the bed of a shallow sea, for the gravel and sand show ripple marks and

other modifications, such as water only could produce. The bowlders

were, as I think, dropped from floating ice. They are seen almost every

where, but perhaps more along the eastern edge of the county, especially
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in Salt Creek township, and may be traced in diminished numbers for a

considerable distance down the Salt Creek valley. This ' Salt Creek pre-

sents to the geologist some very interesting features. It rises in Salt

Cfeek township, within the proper basin of the Scioto valley, but leaves

the basin and curves to the eastward for many miles among the high

hills of Hocking and Vinton counties, to come back into the narrowed

valley of the Scioto in the south-east corner of Ross county. To make
this distance it has been obliged to work out a deep channel for itself in

the Waverly sandrock. In some places it flows in a narrow gorge, with

ecarcely room enough upon the banks beneath the cliffs for highways.

Some of the wildest and most picturesque scenery in the State is to be

found on the waters of Salt Creek.

Beneath the surface in the lower valleys of the county we find blue

and yellow Drift clays. In the blue clays are often found fragments of

wood. I am indebted to-G. W. Hurst, M.D., of Williamsport, for a fine

specimen of coniferous wood taken from a well forty-four feet deep. The
wood is in fine preservation. I am also under obligations to Dr. Hurst,

who takes no little interest in these matters, for a sample of fine yellow

clay, which he thinks of promise as a material for paint. It is entirely

free from grit, and was deposited as a sediment in very quiet waters.

The soil of Pickaway county is of great fertility, and this is probably

the richest county, agriculturally considered, in the Second Geological

District. The alluvial lands along the Scioto River, Darby and Deer

creeks are remarkably rich, while the terraced plains, with their lime-

stone gravels, are scarcely less so. On the uplands the soil is also good.

So far as I have seen, there is less waste land than in any county. in the

district. Indian corn is, perhaps, the staple crop, and in the summer we
may ride for miles with scarcely a break in the continuity of the corn-

fields. With such soil, with clear and beautiful streams, and with such

a, fine'climate, the farmers of Pickaway have a " goodly heritage," and
may consider themselves well compensated for the want of the more im-

portant minerals.

GEOLOGICAL FORMATIONS.

The leading" features of the geology of the county are simple, and
easily understood. The Waverly sandstone, Huron shales, and Cornif-

erous limestone are all found within the county. The Waverly forma-

tion, which underlies nearly the whole of Fairfield county, has its line

of western outcrop along the eastern border of Pickaway. Probably

nearly,all of Salt Creek township is within the range of the Waverly;

and wherever along the eastern borders of Washington, Walnut, and
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Madison townships, the eastern highlands project themselves westward
in spurs, the Waverly will be found. The Waverly sandstone is seen in

good development on the waters of Salt Creek, in Salt Creek township,

in Hocking county. Should the proposed ^railroad to the coal fields in

Vinton and Jackson counties pass down Salt Creek, through the Salt

Creek townships of Pickaway and Hocking—a feasible route—valuable

quarries of this stone might be opened. There would be little superficial

drift to.be removed. Directly west of the line of the Waverly is the

great Ohio Black Slate of the former geologists, the Huron Shale of Dr.

Newberry, which dips* beneath the Waverly to the east. This slate un-

derlies the larger part of the county, but is generally so buried by the

Drift and other surface materials as to be seldom seen. It appears, how-
ever, in the beds of Darby and Deer creeks. At Williamsport, in Deer
Creek township, there is a good exhibition of it. Dr. Hurst, of Wil-

liamsport, has sent me a sample of the slate, prepared for use as a writ-

ing slate. If by some baking process it be rendered harder and tougher,

and, consequently, more like the metamorphic slates of Vermont and
Wales, this great deposit of slate might become of economic importance.

There are many places in Ohio where it might be quarried at very slight

cost. In the slate at Williamsport are sometimes found thin flakes of

asphalt, or hardened bitumen, but not in sufficient quantity to be valu-

able. The same substance is found in the black slate elsewhere. At
Williamsport we find small quantities of iron pyrites, or bi-sulphide of

iron, imbedded in the slate. It is of no value, except for the manufac-

ture of copperas, or sulphate of iron ; and for this purpose, it does not

exist in sufficient quantity.

The Black Slate formation where measured in the Ohio River hills is

a little over three hundred feet thick. It extends from the Ohio River

to Lake Erie, and is one of the most distinct and noticeable features of

our Ohio geology. The black color of this slate is derived from the large

amount of bitumen it contains. Prof. Wormley, Chemist of the Geological

Survey, reports the volatile matter (bitumen chiefly) as 8.40 to 10.20 per

cent. This is nearly one-fourth as much as we find in some bituminous

coals. We have, therefore, in the three hundred and twenty feet of

black slate, bituminous matter enough to furnish with the requisite bitu-

men a seam of coal from sixty to eighty feet thick. The conditions

under which this formation was deposited involved comparatively quiet

water, charged with a constant supply of fine sediment, with which there

was at all times commingled organic matter, which alone could have

furnished the bitumen. The even distribution of the bitumen through-

out the entire mass of the sediments would imply that the water abound-
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ed with the minuter forms of vegetable or animal life. Thus far, search

for these forms has been unrewarded. After a failure by myself, I placed

samples of the slate in the hands of Prof. Wormley, whose skill in mi-

croscopic researches is well known, and whose instruments are of the

most perfect kind. Thus far his search for distinct organisms has been

unsuccessful. It is reasonable to suppose that the organisms contained

no silica or lime, and that in their decomposition and bituminization all

organic structure was destroyed.

The black slate is an evident source of rock oil, or petroleum. It af-

fords oil readily by artificial distillation, but we find abundant evidence

that it is distilled naturally. At numerous points we find springs of oil

at the top of the slate. Generally they are in the lowest layers of the

overlying Waverly sandstone, as if the ascending oil (for oil, being

lighter than water, is upward in its tendency) had been intercepted by
the sandstone, and had flowed out between its more open layers. Such
oil springs abound in the western part of Scioto and eastern part of

Adams counties. In the black slate are often found septaria, or large cal-

careous concretions, which are generally hollow, and contain crystallized

calcite, and often shining globules of asphaltum. Near Delaware, and
further north, they contain the remains of fishes of the most remarkable

size and form. Oil is easily distilled from this black slate, but the yield

is not large, andx such distillation will be unprofitable while the earth

yields petroleum so bountifully. The slate, when burnt and pulverized,

is said to answer an excellent purpose for coating for roofs, when mixed
with coal tar. Wells bored in the black slate often strike fissures charged

with combustible gas, and the gas may be economically used for lighting

and warming dwellings and factories. It is so utilized at Painesville.

and at other places on the Lake where wells have been bored into the

black slate.

Comiferous Limestone.—This important formation is found in the west-'

ern part of the county. It is the limestone so largely used at Columbus,

where, it is found on the west side of the Scioto River. The State House,

the walls of the Penitentiary, etc., etc., were constructed of this stone.

It contains interesting remains of fishes, shells, etc., already described in

a previous volume of the Geological Report. In Pickaway county this

limestone appears in the bed of Deer Creek, a few miles west of Wil-

liamsport. From this point it should be found northward to Columbus,

unless buried by Drift and valley deposits. Where the Cincinnati and
Muskingum Valley Railroad passes over this formation, on the western

edge of the county, the rock is probably covered by superficial materials

;

at least I have heard of no quarries of this stone along its line. It
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appears in the north-western corner of Ross county. The Ohio Canal, in

passing down the Scioto valley, follows the belt of the black slate, and is

too far removed from the limestone on the west and the Waverly sand-

stone on the east to be available as a means of transportation.

The underlying rock strata in the county are too deeply buried to

exert any fertilizing effect upon the surface soils. The soil derives its

peculiar* fertility from the calcareous nature of the Drift materials, and

from the rich alluvial deposits which border the streams. Such soil is

alone a noble endowment for the county. Coals and ores must in any

locality be exhausted in time, but the soil of Pickaway, with proper till-

age, will be a perpetual source of prosperity and wealth.

GEOLOGY OP FAIRFIELD COUNTY.

This county is bounded on the north by Licking county, on the east by

Perry and Hocking, south by Hocking, and west by Pickaway.

It is noted for the general fertility of its soil rather than for any im-

portant minerals.
\

. SURFACE FEATURES.

The county is situated so as to include on the north a portion of the

level country characteristic of the central part of the State, and on the

south a portion of the hill region of south-eastern Ohio. The northern

part of the county is smooth and beautiful, while farther south, along

the Hocking and some of its tributaries, we find rugged hills and dizzy

cliffsi Many of the valleys among these hills are broad and very attract-

ive, not only for their fertility, but as gems of landscape beauty.

, The northern townships, Walnut, Liberty,and Violet, are drained by

Little Walnut Creek, which empties into the Scioto in Pickawy county.

Such portions of Bloom, Amanda,- and Clear Creek townships as lie upon

the western slope of the divide between the Hocking and Scioto rivers,

are also drained by streams flowing into the Scioto. The Hocking River

is at Lancaster an inconsiderable stream, formed by the drainage of

Greenfield township, to which are added, near the city, the waters of

Fetters, Baldwin, and Pleasant runs, which rise in Pleasant township.

Richland and Rush Creek townships are drained by Rush Creek. At

Bremen the latter is joined by the East Branch of Rush Creek, which

flows westward through the central part of Perry county. Rush Creek

empties into the Hocking River at Sugar Grove, in the southern part of

Berne township. Clear Creek, which rises in Amanda township, flows

through the north-east corner of Clear Creek township, and through



FAIRFIELD COUNTY. 593

nearly the center of Madison, and empties into the Hocking River in

Hocking county.

Drift.—The whole county, may be included within the area of the

Drift. In the lower grounds we find in sinking wells the blue Drift

-clays, and every where are to be seen the gravel and bowlders of the

Drift period. The quantity of Drift materials originally brought into

the county must have been immense, for from the heads of the Hocking

must have been obtained the supply of sand and gravel needed to form

the vast gravel terraces which skirt the river to its mouth. Bowlders

are found every where in the lowlands and on the highlands. They are

of all sizes, from that of the famous one on Baldwin's Run, a little east

of Lancaster, which is approximately eighteen feet by sixteen feet in its

two diameters, down to.those only a few inches through. They are gran-

ites, diorites, quartzites, and other hard rocks, capable of enduring the

rough usage to which they "have been subjected since first they were

broken from their original beds far north of the lakes. In some cases

the bowlders are limestone, and so abundant that they are broken up and

burned for quicklime. This has been done to a considerable extent, in

Fairfield county.

In the immediate valley of the Hocking we find the modified Drift in

the form of sand and gravel terraces, which were once great sand flats

and bars, formed by the stream when it stood^from eighty to one hundred

feet higher than now. Much of the city of Lancaster is built upon such

a terrace. Underneath the sand and gravel, and elsewhere in the lower-

grounds, we often find the blue Drift clay containing scattered bowlders..

In this clay we obtain trunks of trees, roots, twigs, etc., generally of conif-

erous type. They represent the vegetation which grew in the valleys-

or along the hill-sides at the beginning of the Drift, era. Many speci-

mens of such buried wood have been found in sinking wells in Lancaster..

The foregoing are the leading facts of Drift phenomena in Fairfield.

The general subject of the Drift and of Drift agencies is mare fidly con-

sidered in Chapter L., in this volume of the Report.

The geology of Fairfield county is very simple. The county lies wholly

within the range of the Waverly formation, with a trifling exception of

a very limited, area in the extreme eastern edge of the county. This

exception is found on the high hill in the neighborhood of East Rush-

ville. Here, south of the village, we find a thin seam of coal, and other

rocks characterizing the Coal Measures. It is possible that in the east-

ern edge of Rush Creek township there may be some hill-tops- which be-

long to the' same formation. There are, however, no available- coal seams

in the county.

38
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The Waverly formation is seen at so many points that is impossible to

designate them. The upper portion of it, or that which lies directly

beneath the Goal Measures, is well seen in the ravine between East

Rushville and West Rushville. Here the stone is comparatively fine-

grained, but is for the most part too soft for use as a building stone. In
the bank of the creek, below the mill-dam, we find ten or twelve feet of

bluish°sandy shales, which have afforded some new and interesting mol-

luscan fossils. The usual Waverly fossils are found in the strata above.

The Waverly sandstone seen in the cliffs along the Hocking is generally

coarse-grained, often passing into a true conglomerate, and it shows the

same character in the hills and highlands west of the river. It is more
commonly of a rich yellow color, but is sometimes a darkish brown. In

many places the stone is firm in texture, and capable of resisting great

pressure without crushing. It has been quarried and used, with excellent

effect, in the beautiful court-house at Lancaster, and in some important

buildings in Columbus. In the Geological Report for 1869 the quarries

near Sugar Grove were referred to and commended. Since that time an
increased quantity of the stone has been quarried. In the neighborhood

of Lancaster are several excellent quarries, but from none of them is

stone obtained for shipment by canal or railroad. The demand for build-

ing stone of this quality will constantly increase, and the time is not far

distant when many extensive quarries will be opened among the hills

and cliffs which border the Hocking River in this county. The same
character of coarse grained Waverly stone is found in Licking county, at

Hanover, and on the Licking River ; but these points are a little more
distant from Columbus. At Lithopolis is an exposure of the lower part

of the Waverly formation, and the stone is—what we should expect it to

be—fine-grained, and showing all the characteristics of the typical Wa-
verly stone as first quarried at Waverly, in Pike county. The Lithopolis

stone is of a light drab-color, is of fine, even texture, and easily wrought.

The natural wealth of the county lies in the Waverly stone and in

the remarkable fertility of the soil. The latter is adapted to the growth

of grains and grasses, and upon the hills the leading fruits of the cli-

mate grow in luxuriant abundance. Large quantities of grapes are pro-

duced upon Ahe farm of the State Reform School. There are other large

vineyards among the hills, and considerable wine is made. The general

character of the cultivation of the soil is excellent, and the farmers are

generally prosperous and independent.
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Register of Map XL or Grouped Sections op Washington County.

1. Geological section,, land of Henry Wagner, Ooal Run, Wesley township.

2. " " Henry Barnes, section 6,
" "

-

3. " " Stephen Hobson, " 36,
" "

4. " " '

Pitt Goddard, fraction 7, Fairfield ".

5. " " John Storts, section 17, Decatur "

6. Coal in section 24, Wesley township ; ore in section 18, Palmer "

7. Geological section on Dana farm, below Beverly, Waterford ""

8. " hill below Coal Run village, near Ewart and Mills's coal

bank, Adams township.

9. Geological section on land of Wm. G. Woodford, near Watertown, Watertown

township.

10. Geological section on land of Wm. Bell, Barlow township.

11. " " Harvey Ellenwood, section 16, on Little Hocking,

Dunham township.

12. Geological section, half a mile above the mouth of Little Hocking, Belpre town-

ship.

13. Geological section on land of Henry Ross, one and a half miles above the mouth

of Big Run, Adams township.

14. Geological section on land of Edwin-Guthrie, section 28, Belpre township.

15. " " G. Brown, two miles above mouth of Cat's Creek

Adams township.

16. Geological section on land of Nicholas Basil, three miles above mouth of Cat's

Creek, Adams township.

17. Geological section on land of John Spears, half a mile above mouth of Bear

Creek, Muskingum township.

18. Geological section on land of Hugh Jackson, Aurelius township.

19. " narrows on Ohio River, Warren "

20. " on land of Vincent Payne, Salem "

21. " near Salem village, Salem township.

22. Combined section, upper part of Bear Creek, Salem township.

23. Geological section on land of W. Hamilton, section 23, near Germantown, Lib-

erty township.

24. Geological section on land of B. F. Dyar, section 7, Muskingum township.

25. ' ." " Henry Barnhardt, section 8, Liberty township.

26. - " showing the higher shales and .sandstones.

27.
" branch of Pawpaw Creek, north-west corner of Liberty town-

ship.
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28. Geological section near Perkins's oil well, No. 1, Lawrence township.

29. " near mouth of Oonley's Run, Newport "

30. " on land of Albert Ewing, section 34, Ludlow township.

31. " " Seth Adams, section 33, Wingett's 'Run, Ludlow

township.

32. Geological section on land of John Goodrich, section '3, two miles from the Ohio
' River, Independence township.

33. Geological section on land of Joseph Chris, section 13, on Davis Run, Independ-

ence township.

34. Geological section at Bloomfleld, section 21, Ludlow township.

35. " on land of W. Talbot, section 8, Grandview township.

36. " " Eli Eddy, seetion 11, Jolly township.

Register of Map XII. of Grouped Sections op Noble County and South Half
of Guernsey.

1. Geological section on land of Horatio Grummond, Adams township, Guernsey

county. z

2. Geological section near Bysville, Jackson township, Guernsey county.

3. " two miles west of Mt. Ephraim, Seneca township, Noble

county.

4. Geological section of Cambridge limestone, Tunnel Hill, Cambridge, Guernsey

county.

5. Geological section at Cambridge, Guernsey county.

6. " near " "

7. " near Cumberland, Spencer township, Guernsey county.

8. " near Claysville, Westland " "

9. " near Scott's coal mines, Center township, Guernsey county.

10. * " near Campbell's Station, Wills " "

11. " on the land of John Anderson, section 8, Richland township,

Guernsey county.

12. Geological section near Salesville, Millwood township, Guernsey county,!

13. " near Millwood village, "

14. " Senecaville, Richland township, "

15. "' near Cassell's Station, section 23, Adams township, Guernsey

county.

16. Geological section on land of Robert Murray, section 13, Jackson township,

Guernsey county.

17. Geological section near Hartford, Valley township, Guernsey county.

18. " west of Caldwell, Sharon township, Noble county.

19. " in section 33, Seneca " "

20. " south-east of Point Pleasant, Valley township, Guernsey

county.

"A. Geological section in section 13, Center township, Noble county.

22. " near Williamsburg,
:
Beaver township, Noble county.

23. "
:
near the, "Notch,", Buffalo " "

23a. " boring at Ava Station, Buffalo " "
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24. Geological section at Kennonsburg, Wayne township, Noble county.

25.

.

" two miles north, of Williamsburg, Beaver township, Noble
' county.

26. Geological section at Hiramsburg Station, Noble township, Noble county.

27. " on land of Mr. Hastings, section 15, Beaver township, Noble

county.

28. Geological section on southern slope of hill between Seneca Creek and Wills

Creek, Noble county.

29. Geological section near Archer's store, section 6, Enoch township, Noble county.

30. " near " Soak'em," Olive township, Noble county.

31. " near Carlisle, Stock "
,'• '

32. « on Jamj f j^. Enochs, section 36, Stoek township, Noble,

county.

-33. Geological seetion on land of E. Oaky, section 8, Franklin township, Monroe

county.
'

34. Geological section one mile below woolen factory, Road Fork, Elk township,

Noble county.

35. Geological section near Harrietsville, Elk township, Noble county.

36. " in section 25, Elk " "

37. " near Macksburg, Jefferson " "

Register of Map XIII. of Grouped Sections of Monroe County.

1. Miltonsburg to Calais.

2. Lewisville, Summit township.

3. Wm. Smith, seetion 18, Summit township.

4. Robert Pope, Center township.

5. John Wihdland, Center township.

6. Woodsfield, general seetion.

7. Alexander's Mills, section 3
;
Berry township.

8. Basil Dye, section 21, Perry township.

9. Stead's Mill, section 27, Center township.

10. Section near Sardis.

11. Baresville, Ohio township.

12. A. Chrisner, section 14, Center township.

13. J. Weekly, section 25, Adams township.

14. John Boughner, near Cameron, seetion 13, Adams township.

15. J. Jones's coal bank, Clarington. ,

16. Outline section at Clarington. .

17. Shaft at Clarington.

18. Charles Dota, Switzerland township.

19. A. Long, section 2, Salem township.

20. J. Knowlton, seetion 24, Washington township.

21. Lorenzo Manly, section 2, Bethel township.

22. Jacob Davis, section 3, range 4, Switzerland township.

23. Wm.-Raper, section 34, Jackson township.
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Register of Map XIV.
v
of Gkoupbd Sections of South Half of Belmont

County.

1. Outline section near Barnesville.

2. Section on railroad from Barnesville west.

3. Deep cut, section 28, Goshen township.

4. Somerton, Somerton township.

5. Lewis's Mills, Smith "

6. Water station, " "

7. Cement limestone, Warnock's Station, Smith township.

8. Railroad tunnel, one mile west of Glencoe Station, Smith township.

9. " cut, Glencoe Station, Smith township.

10. " tunnel, Richland township.

11. J. F. Hutchinson, section 12, Pultney township.

12. West of Bellair, Pultney township.

13. Railroad quarry, half a mile west of Bellair, Pultney township*

14. Section at Bellair.

15. Near Wegee mines, Mead township.-

16. David Caldwell, section 27, Washington township.

17. Joseph Moore, section 17, Wayne "

18. Armstrong's Mill, Washington "

19. John Owens, section 27, York ,

"

20. Albert Green, section 20, York u



SALT IN THE SECOND GEOLOGICAL DISTRICT.

Salt is made in the following counties in the Second Geological Dis-

trict : Meigs, Athens, Perry, Morgan, Muskingum, Noble, and Guernsey.

In former days salt was made in Jackson county, and a little in Scioto,

and, possibly, a very small quantity in one or two other counties. Brine

of greater or less strength has been found in wells bored for oil in almost

all the counties in the district. The geological formation which affords

the supply of brine used at the various salt-works is the Carboniferous,

and chiefly the lower member of it, viz., the Waverly. In many places

in railroad cuts, aiid similar exposures, we find the salt appearing as an

efflorescence on the face of the rock. Where the Waverly constitutes

high ridges, with ample opportunity for the drainage of the waters

which have for ages percolated through the sandrock, it has been found

that the saline elements have been removed, and the water within the

rock is now fresh.

A well bored at the State Reform School, on the high lands south-west

of Lancaster, into the Waverly conglomerate, affords fresh water. But

where the Waverly has dipped below the surface, and passed under the

productive Cc41 Measures, we find almost universally more or less brine

in the wells which penetrate it. The salt-works on. the Ohio River, in

Meigs county ; on the Hocking River, on Monday Creek, in Perry county
;

on the Muskingum River, in. Muskingum and Morgan counties ; and the

Scott works, in Guernsey county, all draw their chief supply of brine,

from the Waverly. The small works at Olive, Noble county, obtain,

brine from a sandrock in the Coal Measures. It is probable that in sev-

eral wells at other points named brine from the upper, or Coal-Measure

sandrocks, is mingled with Waverly brine, the upper brine not being

tubed off; but as a rule the chief supply comes from the Waverly sand-

stone. The depth at which the Waverly is reached varies with the loca-

tion of the well.

The wells at the salt-works in Athens and Perry counties, being nearer

the outcrop of the Waverly, are less deep than at Pomeroy, as are also the

wells in Muskingum less deep as a rule than those in Morgan. The
wells at Pomeroy are proximately one thousand feet deep. Those. at

Salina, in Athens county, are scarcely six hundred. ' The M'Cuneville

wells on Monday Creek, in Perry county, are. nearly nine hundred feet

deep below the surface, which is one hundred and fifty feet below the
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horizon of the Nelsonville, or Straitsville, seam of coal. These find their

brine in the lower portion of the Waverly sandstone. The Salina and
Chauncey wells obtain their brine in the Upper Waverly. The difficulty

in south-eastern Ohio is not in finding brine of sufficient strength and in

sufficient quantity—although sometimes a well may be a failure—the

leading considerations are cheap fuel and cheap transportation. As
mines are opened and extensively wrought, the refuse coal not maiket-

able for ordinary uses will be more and -more employed in making salt,

and in this way the co"st of the fuel will be reduced to a minimum. Such
is the competition, that few salt-works can now afford to pay much for

coal. Cheap transportation by river or railroad is so important that no

salt-works can prosper not located upon one or the other. To some ex-

tent salt is transported in bulk, and the expense of barrels saved.

Samples of manfactured salt were obtained from a large number of the

salt furnaces in the district, which were analyzed by Prof. Wormley.

Prom a few furnaces the samples did not not reach us. Quite a number
of specimens of brine were obtained, but before Prof. Wormley, in the

multiplicity of his labors, could examine them, they were so modified by
evaporation and by chemical changes produced by air passing through

the porous jugs and imperfectly sealed corks, that,no satisfactory anal-

yses could be made. Should the work of the Survey be resumed, every

precaution will be taken to secure for the laboratory the brines in their

original state. >

I append Prof. Wormley's analyses of the salts in a tabulated form.

Numbers 29, 30, and 31 are of samples of salt from Saginaw, Michigan,

Onandaga Salt Company, New York, and Kanawha, West Virginia. It*

will be seen from the tables that several samples from the Muskingum
valley contain over ninety-seven per cent, of chloride of sodium, and at

the same time the percentage of the undesirable chlorides is small. The
tables deserve careful study.
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The space allotted to Second District in this volume is necessarily so

limited that a full and special discussion of petroleum, as existing in

the district, could not be inserted, as I had proposed. Much detailed in-

formation, however, will be found in the Reports on several counties.

I append some tables of analyses by Prof. Wormley which have never

been published in tabulated form. Many of them were made for private

parties, at their own cost, and are published by permission. They will

be valuable for reference.
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REPORT ON THIRD DISTRICT.

BY EDWARD ORTON.



Dk. J. S. Newberry, Chief Geologist:

Dear Sir:—I hereby submit reports on the following counties: Butler, Warren3

Preble, Greene, Madison, Franklin, Pike, Boss, Fayette, Clinton, Shelby, Miami
Champaign, Logan, Brown, and Darke. These lists comprise all of the counties

originally assigned to me in the division of the State into geological districts that have

not been already reported upon, together with those that have been subsequently

added to my district.

The reports on the eight counties that compose the first division, I have written

;

the remainder are to be credited to the several local assistants whose names are pre

fixed.

I take this opportunity of acknowledging the competent services of Mr. Franklin

C. Hill, Mr. J. Y. Bergen, Jr., and Prof. C. M. Galloway, who were employed for

several months each on counties which I have examined. The geology of the west-

ern half of Boss county was principally worked out by Mr.- Bergen, and the defini-

tion of the valleys, modern and ancient, of the Great and Little Miamis, is due to the

united labors of Messrs. Bergen and Galloway.

I have been laid under weighty obligations for local guidance and hospitable enter-

tainment to a great number of people in south-western Ohio during the progress of

the Survey, but in almost every county that I have personally examined there are

some gentlemen that have given me such important aid in my work that I should do

wrong if I failed to make a public acknowledgment of their services. In this list I

wilL name Messrs. J. Kelly O'Neal, Israel Harris, W. H. Bean, Drs. Aaron Wright

and W. L. Schenck, of Warren county ; Hon. W. D. Gilmore, Capt. W. L. Shaw, Thos.

Pottinger, Esq., and the late Dr. Dunham, of Preble county ; B. G. Dun, Esq., and

Drs. John Beach and W. A. Beach, of Madison county; and Messrs. Maurice Beiche,

J. T. Moore, Joseph Foster, H. W. Overman, and James McBride, of Pike county.

With great respect, very truly yours,

Edward Orton,

Columbus, Ohio, Dec. 3, 1874.
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CHAPTER LYII.

REPORT ON THE GEOLOGY OF PIKE COUNTY.

I. SITUATION AND TOPOGRAPHY.

Pike county is bounded on the north by Ross, on the east by Jackson,

on the south by Scioto and Adams, and on the west by Highland and

Adams counties. The Scioto River traverses it from north to south, en-

tering it at the north-eastern corner, bearing from that point south-west

to the center of the county, and thence due south to the county line.

This broad and deep valley constitutes by far the most important feature

of the topography of the county. The east and west divisions which it

makes of the county are somewhat unequal in area, the latter being the

larger. Each of these divisions is again divided into a north and south

portion. Sunfish Creek, which rises in the extreme western portion of

the county, flows through the central region of this part of the county;

until within five miles of the Scioto, very nearly east. It is deflected at

this point at a right angle, and after flowing five miles to the southward

bends as abruptly to the east again. But the slighter valley of Noname
Creek continues from the first point named, the east and west furrow

begun by the Sunfish valley, across the entire western half of the county.

The valley of the Sunfish is deep and narrow. On the eastern side of the

river, and exactly opposite the mouth of Noname, the valley of Beaver Creek

reaches the river after having traversed the whole eastern portion of»t]ie

county, through which it has flowed in a westerly direction. These two

valleys of Sunfish and Beaver creeks, it will thus be perceived, make as

natural a highway from west to east, across the entire breadth of the

county, as the Scioto valley does through the county from north to south.

In the extreme north-western and south-eastern corners of the county,

near Cynthiana and California respectively, there are conspicuous ex-

amples of surface erosion that do not belong to either of the systems thus

far named, but which are connected with the drainage systems of adjoin-

ing counties. Neither case, in fact, is explicable by existing agencies of

erosion. The California valley, which is very broad and deep, is occu-

pied by an insignificant stream that flows with a sluggish current upon
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the surface of the deep Drift beds by which the valley is filled. The

Drift in . the vicinity of Cynthiana often exceeds fifty feet in depth, and

the origin of the great excavation which has here been effected must be

sought in the Glacial epoch, or in pre-glacial times.

Two of the tributaries of Sunfish Creek, viz., Chenoweth's Fork and

Morgan's Fork, are of considerable size, and have wrought out quite im-'

portant valleys for themselves.

The tributaries of Beaver Creek are of much less importance,

©esides these, there are but few streams in- the county that have effect-

ed modification enough in the surface to deserve especial mention. The

most important of those that remain are Camp Creek, Peepee Creek, and

Crooked Creek, all of which are' upon the western side of the Scioto.

The tributaries of the Scioto on the eastern side of the valley, with the

single exception of Beaver Creek, already named, are of much less ex-

tent. None of them reach back from the river more than five or six

miles. At that distance, at least, they reach the high landsj from which

they descend very rapidly to the river. They are fed by no generous

springs, and find their principal office in the removal of the superfluous

rain-fall.

The surface of the county has never been covered and modified by the

deposits of the Drift as the areas to the northward have been. It pre-

sents, therefore, all the peculiar features that a country exposed to the

wear and waste of atmospheric agencies for tens of thousands of years

must show. It is easy to see what was the original condition of this

area. It consisted of a plateau, gently sloping to the east or south-east.

The western boundary of the plateau stands more than one thousand

three hundred feet above the sea. The elevation at the middle line of

the county was at least one hundred feet less. Only limited portions of

the old plateau remain. The extent and conformation of these old rem-

nants vary very much in different sections of the county, depending on

the geological formations in which they severally occur. On the ex-

treme western side of the county, where four hundred feet of easily

eroded shales overlying Upper Silurian limestones form the surface, the

remnants are of small extent, and occur for the most part as conical

hills, the shales having been swept away from broad valleys to the

limestone floor. These conical hills of denudation, when seen from the

limestone terraces of Highland county, fifteen or twenty miles to the

westward, present more the appearance of mountains than any other

elevations in the State, and are locally known under this designation.

Passing eastward and southward, we find the solid courses of the Wa-

verly series constituting the original surface, and, as a consequence,
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larger portions of the original plateau have been preserved. In Sunfish,

Newton, and Camp Creek townships, these islands of the middle and
upper Waverly frequently take in several thousands of acres. But the

amount of denudation that has been suffered even here is strikingly

shown in the few summits that rise so conspicuously along the western

boundary of the Scioto valley in the central districts of the county.

Painter's Knob, near Jasper, can be taken as a representative of this

class of summits. It has an elevation of 633.3 feet, by the engineer's

level, above low water of the Scioto, 764.5 feet above low water of the

Ohio at Cincinnati, and 1196 5 feet above tide water. Its elevation above

the general level of the country around it is nearly four hundred feet.

In other words, the middle and upper Waverly have been carried away,

by aqueous agencies, from wide belts of country to a thickness of at

least four hundred feet.

Oh the east side of the Scioto the geological composition of the pla-

teau again changes. The Waverly beds have now been carried by the

easterly dip that prevails in all of this portion of the State below the

Carboniferous conglomerate, heavy deposits of which constitute the

highest surface of Jackson, Beaver, and Marion townships. In the first-

named township especially, this formation impresses peculiar features

on the country which it occupies. Its purely silicious composition ren-

ders it proof against all chemical agencies of the atmosphere. The bor-

ders of the high lands that it forms are, therefore, almost every where

precipitous walls of the pebble rock, the height of which depends upon
the thickness of the formation, generally ranging between seventy-five

feet and one hundred feet. The valleys are narrow, and the ridges be-

tween those that are contiguous project with their well-defined bound-

aries like the fingers from the hand.

The highest land of the county, as has already been intimated, is found

on its western border. The hills along the Scioto are absolutely higher

above the base from which they rise, but the base itself is depressed .more

than one hundred feet below the lowest land on the western, boundary.

The elevation of a few points in the county are appended. Those marked
with a star are taken from the survey of the abandoned railroad line

from' Hillsborough eastward to Jackson. The remainder have 'been de-

termined by the level during the progress of the Geological Survey in

the county. In the railroad survey, low water at Cincinnati is counted

four hundred and forty feet above tide water, which is eight feet in ex-

cess of the figures,given by Humphrey and Abbott. The elevations can
accordingly be reduced by this amount. The first station named lies just
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outside of the county limits, but there are several summits within the

boundaries that would vary but very' little from these figures :

Feet.

Fort Hill, above tide water 1285.5

Byington* (railroad grade) above tide water 672.0

Latham,* " 631.0

Hill south-east of Latham, " 1224.0

Shepherd's Mountain, between Cynthiana, and Latham (by barom-

eter), above tide water : 1170.0

Scioto bottoms at Jasper, above tide water r 566.0

Low water of Scioto at Jasper, " 533.2

Jasper-Knob, " 1193.6

Painter's Knob, •

" 1196.5

Piketon* (railroad grade at depot), above tide water 578.0

Eiley's Mountain, Jackson township, above low water of Scioto (about) 575.0

" " " above tide water (about)..... 1150.0

Low water of Scioto on north line of county, above tide water (about) 575.0

Low water of Scioto on south line of county, above tide water (about) 500.0

A range of about eight hundred feet is thus shown to exist between

the lowest and the highest . land of the county. The greatest vertical

range in any one neighborhood, however, as has been already intimated,

is found in the hills bordering the Scioto valley. The summits near

Jasper—Painter's Knob and Jasper Knob—which lie within two or three

miles of the Scioto, rise to a height of six hundred and thirty-three and

six hundred and thirty-one feet respectively above low-water mark.

II. GEOLOGICAL STRTJCTUKE.

The geological range of the county exceeds the vertical range above

named by at least fifty per cent. In other words, the aggregate thick-

ness of the different strata shown in the county is not less than twelve

hundred feet, the difference between these figures and the vertical range

above named being accounted for by the dip that prevails.

The appended diagram represents the general composition of the geo-

logical series of Pike county. It will be observed that the scale is exten-

sive, not only in absolute thickness but in the variety of formations

comprehended within it. It is scarcely inferior in either respect to that

of any county in the State. . (Figure 1.)

A brief description of the different members of the series will now be

given.

1. The lowest rock," geologically speaking, in Pike county, is found

upon its western border. At a few points in the deeper yalleys of this

portion of the county, and principally in the valleys of the"Sunfish and
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its larger tributaries, a few feet of limestone rock are uncovered. The

thickness of this formation as it is exposed here nowhere exceeds twenty-

five feet. There is no ambiguity as to the place of this limestone in the

geological series. Its stratigraphical-position, its lithological character,

and its fossils identify it unmistakably as the latest recognized but

most extensive of the limestones of the State. It has been described in

the Geology of Ohio as the Waterlime Group of the Lower Helderberg series.

It brings the name above given with it from its outcrops in eastern New
York, where it constitutes a very valuable deposit of cement rock ; but

the name is a misleading one in nine hundred and ninety-nine out of

• one thousand exposures in the West. - While cement is found in it in a

few places in Ohio, the great mass of it is a dolomitic or maarnesian lime-

stone, scarcely to be distinguished in chemical composition from the

heavy beds of Niagara limestone that underlie it. In all of south-west-

ern Ohio it can be perfectly distinguished by a local name, derived from

its most extensive and valuable exposures, which occur at Greenfield,

Highland county. It will be treated under this designation—the Green-

field stone—in this report.

The Greenfield stone is the highest Silurian formation in this portion

of Ohio. It has peculiarities of bedding and color that serve to distin-

guish it from all other limestones with which it is associated. It lies

generally in very thin courses, of the kind commonly called " shelly."

Its light-brown color is not easily to be confounded with any variety of

the Niagara, which is the limestone with which it is most closely asso-

ciated. Its evenness of bedding is another of its distinguishing charac-

ters. But few fossils occur in it, but these few are thoroughly character-

istic, being strictly confined to this one formation. They consist of casts

of a bivalve crustacean, Leperditia alta, and of several species of brachio-

pod shells, among which the genera Nucleospira, Pentamerus, and Meristella

have been identified.

But an indifferent quality of building stone is furnished by this for-

mation in Pike county. The deficiency in this respect, however, is less

noticed from the fact that all parts of the county are bountifully supplied

with the sandstones of the Sub-Carboniferous and Carboniferous forma-

tions, among which the finest building stones of the State are included.

The Greenfield stone of Pike county is burned into lime of the' finest

quality. It has the general composition and character of the Springfield

lime, but. even surpasses this standard product in whiteness and economy

of working. There is no point in Ohio in which the best quality of lime

can be manufactured as cheaply as in the Sunfish valley. The hills that

bound the valley are covered with wood, from which a cheap supply of
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fuel can be obtained. Tbe limestone lies in ledges fifteen or twenty feet

in thickness, whole acre's of which are almost bare of soil. When trans-

portation-shall be furnished by an east and west line of railroad along

the Sunfish valley, it is certain that, a large business must grow up in

this manufacture.

The limestone in these valleys is traversed by well-marked joints,

which are occasionally enlarged into deep fissures, as can be seen in the

bed of Sunfish Creek, in the neighborhood of Byington.

The line of junction between the limestone and the overlying slates

can be distinctly followed through almost its whole extent in the county,

being unobstructed by Drift beds, and, to a great degree, by the products

of disintegration from the adjacent rocks. There are numerous locali-

ties where unsurpassed opportunities are furnished for the study of this

line of demarkation between Silurian and Devonian time.

The limestone finally disappears at the mill site opposite Latham,

dipping steeply beneath the slates. It is not to be seen again this side

of the folds of the Alleghanies, its nearest point of emergence being on

the Niagara River, a few miles below Buffalo, New York.

2. The next formation in ascending order is the well-known member
of the Ohio series designated by the geologists of the former Survey as

the " Ohio Black Slate," and known in the present Survey as the Huron

Shale. In the central portions of the State, and thence to the northward,

it is underlain by the Cof%iferous limestone, but in the area now under

consideration it always covers, as has been already stated, the Greenfield

stone. Its place in the geological scale is made out with a little diffi-

culty on account of its paucity in fossils, but it seems to belong, on

gtratigraphical grounds, to the Middle Devonian.

The Huron shales make a very important element in the western half

of Pike county. Its whole thickness is shown in the hills of the west-

ern border. Its uppermost courses make the bed of the Scioto River, and

are nowhere seen to the eastward of the margin of the valley.

In an excellent section just west of the county line, furnished by Slate

Knob, a thickness of two hundred and forty-eight feet was found by the

level ; while in Fort Hill, two or three miles to the eastward, they were

found to be 'two hundred and fifty-six feet thick. The greatest measured

section gave three hundred and thirty-two feet. There is no doubt that

the formation increases in thickness to the eastward, and it is probable

that the average is not less than three hundred feet.

All of the peculiarities of the formation are shown with great distinct-

ness in the western regions of the county. Its lower portions are quite

heavily charged with sulphuret of iron, and, indeed, a notabha quantity
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of this substance is found throughout the whole series. Spheroidal con-

cretions—often quite symmetrical in form, and varying in size from an

inch or two in diameter to five or six feet—abound in the middle portions

of the series. At the centers of these concretions, as they occur to the

northward in the State, very interesting remains of fossil fishes have

been found; but the only fossils noticed in concretions here are of vege-

table origin, and these are very rare.

The shales are charged with a large amount of soluble matter, and

as their texture sometimes allows a very free percolation of water, the

springs that- issue from them are to a considerable extent mineral

springs. Sulphureted hydrogen, compounds of iron, silica, lime, magne-

sia, and soda are found in many of them. When the water holding these

materials is evaporated, as it must be when oozing from the beds of shale

in weak springs, 'these mineral contents are deposited in beds of traver-

tine, sometimes of considerable extent. These travertines, so far as ex-

amined, are all ochreous—sometimes, indeed, being so rich in iron as to

constitute strong and excellent ores. The composition of two specimens

is shown by the following analysis made by Prof. T. G. Wormley, Chem-
ist of the Survey. No. 1 is from Grassy Fork, No. 2, from Idaho

:

No. 1. No. 2.

Silicious master 33.20 8.86

Sesquioxide of iron 50.80 73.08

Lime 1.10 1.30

Magnesia, carbonate 0.23 0.53

Phosphoric acid 0.06 0.10

Water, combined . 14.45 16.00

99.84 99.86

Metallic iron „ , 35.56 51.16

There is every reason to believe that the amount of lime was originally

much larger in the travertine. Atmospheric agencies woi&d' necessarily

remove this element from all exposed portions of the deposit. The supply

is too limited to make these beds of account in iron-making. As source*

of ochre they promise better, but it is doubtful whether economical work-

ing of such capricious supplies can be effected even for this limited use.

The points at which the ochreous tufas have been found to occur in

largest quantity are on the Grassy Fork of Sunfish Creek, two miles

above its mouth, and on a small tributary of Sunfish Creek that enters

it quite near to Idah|>.

In the last named neighborhood a few fragmants of metallic antimony

were found a few years since, and the disc6yery caused considerable local

excitement. It is safe to say that the metal was dropped at the place
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where it was found, either by accident or design, and that it was in no-

wise a product of the rocks of Pike county.

Occasional seams of clay are to be seen in the series, but they do not

seem to be of great horizontal extent, as they constitute but weak water-

bearers for the localities where they are found. The shales weather

quite rapidly, when exposed to atmospberic agencies, into clays similar

to the bedded clay already mentioned.

No fossils besides the obscure ones already noticed in connection with

the concretions have been found in the Huron shales within the limits

of Pike county.

The soils derived from the shales are thin and comparatively unpro-

ductive. The water-supply will be treated in a subsequent part of this

report, in connection with the same line of facts as derived from the

other formations of the county.

The bituminous matter, to which the color of the shales is due, varies

in proportion between eight and fifteen per cent. There is enough of it,

however, to render the shales liable to take fire under favorable condi-

tions. Seldom a summer goes by without some case of this sort occur-

ring. These fires last for days, weeks, or even months; and in Camp
Creek township, half a mile above the mouth of the stream from which

the township is named, a slate hill was on fire for more than three years.

The products of the combustion of the shales are red clays, which

served in early times as pigments for the aborigines. The red banks,

from which Paint Creek derived its name, probably owe their origin to

such agencies, though it must be added that the oxidation of the sul-

phuret of iron with which the shales are heavily charged often imparts

to the outcrop this same red color.

3. We come now to the great system of Sub-Carboniferous shales and

sandstones, which has its typical exposures in Pike county. It derives

its name, indeed, from Waverly, the county seat. It appears that the

itown itself was so named by a land surveyor of the Scioto valley, about"

..the time that the remarkable series of novels known as the Waverley

.Novels were in course of publication. It is unfortunate that, in its ap7

^plication to the village, the spelling of the name should have been

-changed, an e having been omitted from the final syllable. As it is, the

name marks one of the few points of connection between geology and

^-literature. This designation was first attached to the series under con-

sideration by the geologists of the former Survey, the stone quarries of this

group of rocks being even at that time very well known through the State.

The use of Waverly stone for the construction of the Ohio Penitentiary

-at Columbus, and for many other buildings in this city, and its distri-
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GENERAL SECTION OF THE WAVERLY SYSTEM IN PIKE AND ROSS COUNTIES.





PIKE COUNTY. 619

bution along the line of the Scioto valley canal and the Ohio Eiver, had

already brought it into prominent notice.

The Waverly series is by far the most important division of the geo-

logical scale in the county. Its horizontal extent, its vertical thickness,

its economical products, its relations to the soils, the water-supply, and

the topography of the districts which it occupies, all combine to make it,

beyond question, the leading formation in this part of Ohio.

It reaches in the summits of the hills to and even beyond the western

boundary of the county, and only in the extreme north-eastern and

south-western corners is it covered with the higher formation of the Sub-

Carboniferous conglomerate and the thin edge of the Coal Measures.

Throughout the central districts of the county, oh both sides of the

Scioto, it 'is by far the most conspicuous formation, constituting often all

of the visible surface and always all of the highest land.

Its vertical thickness cannot be measured in any one section. Paint-

,
er's Knob and Jasper Knob—two summits the height of which has been

"already given—furnish the heaviest single sections, and as each of them
takes in more than one hundred feet of Huron shales, they give the most

extended general section of the rocks of the county. Not less than five

hundred feet of the Waverly series is to be found here. In the north-

eastern corner of the county, in Jackson township, the series is all em-

braced within less vertical thickness than this, for although the bottom

of the series does not appear there, a well-marked horizon which belongs

at one hundred and forty to one hundred and fifty feet above the base

can be followed, and measurements can be carried from this to the base

of the overlying conglomerate, which shows in great force in all of the

highlands in this region. The ^total thickness of the formation here

does not exceed four hundred and fifty feet. There is nothing in Pike

county, then, to indicate a greater thickness of the Waverly series than

about five hundred feet.

In composition the series consists principally of shales and sandstones.

The order in which the beds are arranged is very much the same in all

parts of the county. A general section is appended (see Fig. 2), and a

brief description of the main beds will here find place.

1. The lowermost eighty'tb one hundred feet of the series consists of

blue and drab shales, interrupted with occasional thin courses of solid

,

stone. The boundary between these Waverly shales and the underlying

Huron shales is tolerably well marked by the change of color in the beds.

,

The Huron shales are nearly uniform in color and in texture. The
change of color, indeed, from black to blue, or drab, with some change in

composition also, is the principal reason for making the division between
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the beds at this point. There are no fossils found in either. At Piketon,

where the junction between the two groups of rocks is shown with all

possible distinctness, it appears, from the occurrence of thin beds of

black shale in the lowermost twenty feet of the Waverly beds, that the

formation of a shale entirely, like the Huron in character was resumed

more than once in the early days of the deposition of the Waverly group

;

but these returns of previous conditions in the seas were of short dura-

tion, and were soon lost altogether.

A few thin courses of solid stone of remarkable evenness and of very

fine grain occur almost every where at ten to twenty feet above the base.

They can be seen to excellent advantage in the river bank, on the land

of Mr. John Gregg, two miles above Piketon. Analysis shows that these

hard and ringing layers have a large enough amount of lime and mag-

nesia in their composition to put them in the list of impure limestones.

This is the only known occurrence of calcareous layers in the whole Wa-
verly series until, at least, its very summit is reached in the regions to

the eastward of Pike county. The composition of two specimens is

shown in the appended analyses made by Prof. Wormley, Chemist of the

Survey. The sample marked No. 1 was obtained from Wolf Run, one

mile east of Buchanan. No. 2 comes from the neighborhood of Mineral

Springs, on the north line of Adams county

:

No. 1. No. 2.

Silicious matter : 71.40 58.80

Alumina and iron '. 2.40 5.80

Carbonate of lime 24.40 27.00

Carbonate of magnesia 1.05 8.62

99.25 100.22

The Waverly shales were evidently formed under very different condi-

tions from those to which the origin of the overlying group must be re-

ferred. The latter never show ripple-marks, sun-cracks, or other indica-

tions of having been formed in shallow water, while the Waverly shales

are conspicuously marked in this way. The surfaces of successive layers,

for many feet in thickness, are often covered with ripple-marks, all of

them holding the general direction of north 53° west, or south 53° east.*

Exposures of these beds are of common occurrence through all of the

western half of the county. On Wolf Run, a small branch of Peepee

* The Survey is indebted to H. W. Overman, Esq., County Surveyor, for a very care-

ful series of measurements. Of twenty-four observations, fourteen were found south

53° east, as given above. * Pour points showed south 65° east ; one south 46° east ; one

south 57° east. The points that showed south 65° east overlie the other exposures,

and probably indicate a real change of direction in the wave action.



FIG.3-
SECTION OF WATERL.Y SHALES AT PIKETON.
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Creek, one mile east of the village of Buchanan, a very interesting ex-

hibition of the ripple-marks is furnished. There is an equally good ex-

;

posure along the Waverly and Chillicothe pike, near the north line of

the county. The section of the lower beds at Piketon is represented in

the following diagram. (See Fig. 3.)

The thickness of the shales has already been given as varying between

eighty and one hundred feet. At Jasper they measure 95 feet ; at

Prather's quarries,"two miles north, and on the same side of the river,

89 feet ; at Waverly, 90 feet ; at Chillicothe, 83.67 feet.

2. The Waverly shales are overlain by heavy ledges of the" finest

building stone in Ohio. This division may appropriately be called the

Waverly Quarry System. Wherever this series is shown in southern Ohio,

ledges of building stone are found at this general horizon. It is this

yery ledge, indeed, that gave its name to the whole formation. All of the

stone quarried at Waverly and its vicinity, at an early date, came from

this horizon. The greatest thickness found in this division is thirty-two

and a half feet. This measurement was obtained in a closed section one

mile south of the village of Jasper. Its composition is shown in the ap-

pended figure. (See Pig. 4.) Prom Jasper to Waverly, where the typical

quarries of the system occur, the thickness never reaches these figures,

because of the fact that the system as it is here shown is in no case en-

tirely complete. Its uppermost beds have been removed by denudation.

At Jasper the quarry beds measure twenty-five feet, and at Waverly they

do not fall below twenty feet. The quarry courses thin out, however,

rapidly to the north and east. At Marcus's Eun, on the east side of the

river, three miles above Waverly, there is a fine exhibition of a closed

section of the quarry courses in which they measure less than ten feet.

On the western side of the county, also, not only is the thickness re-

duced, but the character of the courses is changed. They consist to a

much greater degree of thin and "shelly" layers than in the central

districts above described. At Jasper and Waverly the lowermost course

of the system is generally one of the most valuable, but on the east side

of the river, at the locality just mentioned, the .lower course is'worthless,

and the only available bed lies just at the summit of the system. Many
courses that in the quarry appear desirable, prove unreliable when ex-

posed to the weather. Serious loss results if there is a lack of knowl-

edge or of conscience on the part of the quarryman in the selection of

the proper courses. Experience alone can determine the character of the

several beds, and it is not safe to apply conclusions drawn from one ele-

ment of the series at a particular point to the same element at another

point. The most valuable courses in the quarry pass sometimes quite
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abruptly into a very rough, and ungainly stone, called " Turtle-back," or

"Nigger-head," by the quarrymen. Their surfaces in such instances are

generally covered with marks, indicating origin in shallow water. They
are destitute of lines of bedding, and present rather the appearance of

concretionary structure than of deposited layers. Such courses are al-

together valueless as building stone, and are used only for the protection

of river banks and for other similar purposes. The large amount of waste

material to be moved in reaching the most reliable and desirable courses

constitutes the main element in the expense of quarrying. In the Jas-

per quarries, for example, not more than ten feet of the thirty feet that

belong! to the system can be put into the market as first-class building

stone.

Of the many shades of color displayed by the Waverly quarry courses,

perhaps a light drab can be taken as the standard ; at least it is the'

color which is most highly esteemed for architectural purposes. It is

not", however, an original color of the stone, but has been formed by the

action of the atmosphere on the external portion of the exposed layers.

The native color of the beds from which this most approved variety is

derived is a delicate blue—a little deeper than the shade known among
painters as French gray. By the.oxidation of some of its materials, or,

possibly, by the removal in solution of a small portion of oxide of iron,

the change is effected. The very slight difference in composition be-

tween the weathered, or bleached portion, and the blue stone, is shown
in the following analysis made by Prof. Wormley. The samples taken
for analysis were from the quarries of Maurice Reiche, Esq , of Waverly,

who has made a very careful study of the building stones of the Scioto

valley, and to whom the Survey is indebted for much valuable informa-

tion:
H"o. 1. No. 2.

(White stone.) (Blue stone.)

Silicic acid 91.30 91.00

Protoxide of iron 0.86 1.17

Sesquioxide of iron 0.06 0.30

Alumina 5.79 5.20

Lime trace trace

Magnesia 0.32 0.28

Water, combined . 1.30 1.80
'

99.63 99.75 .

The change from the blue color to the lighter tint has taken place in

all exposed portions of the rock, but seldom extends inward more, than ten

or twelve feet. As these weathered portions have been first removed,

not only on account of the desirability in color, but also by reason of
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their greater accessibility, it has come to pass in all of the larger quarries

that the supply of the first variety is much more limited than formerly.

The blue stone when laid in masonry undergoes a change of color in its

exposed portions similar in kind to that which the outer portions of the

native beds have already passed through.

There' is also in the Waverly system a large amount of stone of a yel-

lowish cast, which deepens by exposure ; but this, though equally durable

is less sought for the better class of buildings. '

On the western side of the county especially, though not strictly con-

fined to this region, these same courses are beautifully variegated with

bands of red, yellow, and brown. This variety is shown in its best state

near Cynthiana, and whenever railroad transportation shall be furnished

to this region, it may be counted certain that the admirable qualities of

this stone will be in demand for ornamental architecture. This varie-

gated sandstone happens to have a constitution that fits it for use as

grindstones, for which it is in considerable local demand.

There is also in the same locality, viz., near Cynthiana, a very white

and fine-grained representative of the quarry courses, which, among
other uses, has been in limited demand for gravestones. The whiteness

of the stone has more than once suggested it as a. glass-making rock, but

the subjoined analysis shows that the property in question is due to the'

absence of oxides of iron, and that in reality the sandstone is not of the

highest degree of purity.

The specimen in question was taken from the quarries of John Traber,

Esq., on the western edge of Shepherd's Mountain :

Silicic acid , 91.35

Iron, sesquioxide , trace

Alumina 6.00

Lime, carbonate •. 0.75

Magnesia, carbonate 0.34

Water, combined .. 1.00

99.44

The principal defects which the Waverly stone exhibits in its applica-

tion as a building stone are the following

:

a. Some varieties of it are too tender for the uses to which they-are

put. For the exposed courses of buildings, for steps, or flaggings, such

varieties are ill adapted.

b. Many representatives of the Waverly stone are unable to endure

the action of the atmosphore. When exposed to the weather a process

of exfoliation begins, which, though it advances very slowly, results in

the destruction of the stone.
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c. Nodules of oxide or sulphuret of iron quite frequently; occur, which
are decomposed by exposure to the air, and which by their decay not

only weaken the stone, but disfigure it by rusty stains that spread widely

from these points.

The deposits that belong to this horizon constitute by far the most

valuable of the geological products of the county. They are exposed in

almost every square mile of the western half of the county. The Sun-

fish valley is walled with it throughout its whole length, as are also all

of its tributaries, small and great, and a bold escarpment of the quarry

courses, broken only by the streams that seek the river, constitutes a con-

siderable portion of the western margin of the Scioto valley.

3. Immediately above the Waverly quarries comes in a very interest-

ing formation, to which attention has been repeatedly called in the pre-

vious reports of 'the Survey. The formation in question has been desig-

nated by the Chief Geologist the " Cleveland Shale," and by Professor

Andrews the " Waverly Black Slate." It consists of a black shale more

highly charged with bituminous matter than the great black slate below

it, the proportion sometimes rising as high as twenty-four per cent.

Unlike the slate below it, viz., the Huron, it is often highly fossiliferous.

Two species of brachiopods are especially abundant in it, viz., Discina

capax and Lingula sub-spatulata. The remains of fishes are also of frequent

occurrence. Its thickness, as measured in the Scioto valley, varies from

seventeen and a half feet to twenty-seven feet. The former measure-

ment was taken from an exposure on the land of John Gregg, Esq., op-

posite the village of Waverly ; the latter was obtained from the best sec-

tion of it to be found in all the Scioto valley, viz., on the banks of Stony

Creek, just north of the line of Pike county.

The highly bituminous character of the stratum makes it frequently

give rise to oil springs, the fair promise of which has led to many un-

profitable borings in various portions of the county. The most notable

display of petroleum in this region is to be found at the " Tar Spring," in

Sunfish township, on Chenowith's Fork, about five miles above its mouth.

The locality may be more accurately defined as belonging to. Chestnut's

Mountain. The horizon of the spring is in the Buena Vista stone, a fine

ledge of building rock that directly overlies the slate. The volume of

water is weak, and the petroleum, which rises with the water in part,

and in part oozes out of seams in the rock, is so abundant that the

surface of the water in the spring is constantly covered with a dark, tar-

like product, the result of the inspissation of the oil. A considerable

amount of money was expended here—several thousand dollars—as is

stated, in the days of the oil excitement ; but, as will be recognized from
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the facts stated above, there was not good geological ground for expect-

ing success.

A well sunk to the same horizon in the village of Buchanan, or Peepee,

for the purpose of supplying the engine of a saw-mill with water, yielded,

when first opened, a barrel of oil, but the supply did not prove perma-

nent.

The formation extends almost to the western edge of the county, its

extreme outcrop being found at the summits of Shepherd's Mountain,

Perry township, and of Renoe's Mountain, Mifflin township; while in

Jackson township its easternmost exposures are within three or four

miles of the eastern line of the county. It is found at the level of the

river, on Joseph Foster's farm, opposite Sharonville, where it contains

abundant and very interesting remains of fossil fishes. The Waverly

black slate furnishes an admirable guide to the geology of the county,

contrasting sharply, as it does, in lithological characteristics, with the

beds above and below, and admitting of easy and certain recognition*

It makes a plane of division in the Waverly series that has been turned

to account in the determination of the total thickness of the series. On
the western side of the river numerous sections furnish every facility for

measuring the interval between the Huron shales and the "Waverly black

slate, and at the point last named, viz., the farm of Joseph Poster, Esq.,

opposite Sharonville, it lies at the level of the river, and within three or

four miles the westernmost coal seam is reached. The whole interval is

exposed to view in* numberless sections, some of them in perpendicular

walls of seventy-five to one hundred feet.

The extreme elevation of the base of the Waverly slate above the

summit of the great black slate is, as will be seen by a combination of

measurements already given, one hundred and twenty-two feet ; but for

the greater number of instances this maximum must be reduced by five

or ten feet. The coal seam of Jackson township„has an absolute eleva-

tion of three hundred and eighty-five to four hundred feet above the

black slate of the Waverly. The element of dip, however, supervenes,

and a full discussion of the thickness of the Waverly series in Pike

county will be reserved until the constitution of the series has been,

more extensively described.

The geological interest of this stratum lies largely in the clear proof

that it furnishes of a sudden and considerable subsidence of the sea bot-

tom after the Waverly quarry courses had been deposited. These latter

beds were formed in shallow water, as is attested by the numerous indi-

cations to which attention has been already called; but the finely divided

and uniform materials that compose the slate contain an abundance of

40
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fossil shells and fishes, and are not only wholly free from any markings

that would indicate origin in shallow water, but could only have been

accumulated at considerable distance from the shores. That the change

was suddenly accomplished is evident from the very abrupt boundary

that obtains between the quarry courses and the black slate. The upper

boundary of the slate is equally well marked. • The conditions under

which this deposit was formed were evidently very nearly like those to

which the Huron shales owe their origin, and were in marked contrast

with both those that immediately precede and immediately follow them.

Contrary to what might be expected, this slate proves to be quite re-

fractory when exposed to heat, if the heat be applied carefully at first.

It has in this way acquired a local reputation as a firestone, and is used

for chimney jambs and other similar purposes.

4. The next division in ascending order has for its chief character-

istic the well-known and very valuable quarries of the Waverly system

that lie along the Ohio River below Portsmouth. This subdivision has a

definite base, viz., the upper surface of the Waverly black slate; but

there is no characteristic stratum that constitutes a convenient superior

limit. As the most valuable of the building rock, however, that is fur-

nished by this part of the series in southern Ohio occurs within fifty feet

of the slate, these fifty feet next above the slate may be somewhat arbi-

trarily taken as a subdivision. It may be designated as the Buena Vista

section—the name being derived from a locality on the Ohio Eiver that

furnishes a large amount of stone of unequaled quality. This division is

very well represented in Pike county, and some of the most valuable build-

ing stone of the Scioto valley belongs to it. The Buena Vista quarries, as

is stated by Prof. Andrews in the Preliminary Report of the Ohio Geologi-

cal Survey for 1869, immediately overlie the Waverly black slate. . There

is a series of beds sometimes exactly corresponding to this in geological

position, and sometimes separated from the slate by a few intervening

feet of shale or clay, but which agree so closely with each other in physi-

cal .characteristics as to make their identity probable. The courses of

stone that are exposed at the Tar Spring have already been referred'to.

Occupying, as they do, the position of the Buena Vista stone, and con-

sisting, like it, of massive layers, the identification of them with the

above named quarries will hardly be questioned. The color of these

beds, however, in all exposed portions, is brownish yellow. In a very

promising quarry opened near the summit of a hill south-east of the vil-

lage of Latham, a heavy ledge—belonging certainly very near to this hori-

zon—agrees quite well, both in color and texture, with the Buena Vista

stone. The great extent of the true Waverly quarries in all this portion
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of the county, however, and their accessibility, take away all reason for

seeking out any other supply, so that these courses have not been worked

to any considerable extent on the west side of the Scioto. The case is

different on the east side of the river. The strong easterly dip to which

the rocks are subjected carries the Waverly quarries below the surface

before the valley is fairly left, and the higher beds are then sought for.

The color which has been spoken of as characterizing the rock at the

Tar Spring marks it through all its northern exposures in the county.

Instead of being counted a disadvantage, the variety which it adds to

the builder's resources constitutes a positive argument in its favor. To

the north and north-east of Waverly, for twelve or fifteen miles, this

Buena Vista stone is very abundant. The best quarry of it yet opened

within the limits of Pike county is on the farm of John Gregg, Esq., op

posite the village of Waverly, where it occurs in a single massive course,

seven feet and two inches in thickness, and perfectly homogeneous in

color and character—at least for the limited extent which has thus far

been worked. The stone taken from the quarry has been mainly hand-

led by Morris Richey, of Waverly, who has brought it into market under

the name of the Waverly brown stone. It has been used for the con-

struction of several large buildings in Columbus during the last five

years, where it is coming to be looked upon as one. of the most desirable

of the native building stones of Ohio. It is, to be observed, however,

that the brown color for which it is so justly admired is not a natural,

but a derivative color, formed from the conversion of a notable quantity

of protoxide of iron into sesquioxide. As in the true Waverly quarries,.

where a similar conversion of the outside portions has been effected, the-

change does not extend more than twelve or fifteen feet beyond'the sur-

face. The original color of the rock is blue, of a considerably darker

tint than the native color of the lower 'courses of building rock, viz.,, the

true Waverly quarries. Its composition is shown. in the following an-

alysis made by Prof. Wormley for the Survey. The sample submitted

was taken from Gregg's quarries, and only the brown or weathered por-

tion of the layer was analyzed

:

"Waverly Brown Stonb.

Silicic acid .'

73.90

Protoxide of iron

Sesquioxide o iron- 13.44

Alumina 8156

Lime trace

Magnesia .• 0.46

Water, combined .-
'. '. 3.30

99.66 .
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It must, however, be observed, that this ledge, in the central and north-

ern portions of the county, is not in immediate contact with the Wa-
verly black slate, but is separated from it by a varying number of feet of

soft shales and clays. The distance between the upper surface of the

slates and the quarry beds is sometimes as great as twenty-five feet, but
is generally less than twenty feet. This heavy ledge fails altogether in

the exposed sections of Pebble and Benton townships, its place in the

scale being there occupied by shales, §eams of fire-clay, layers of concre-

tions incrusted with a thin scale of iron, together with many thin and
worthless beds of impure sandstone. The above enumeration will also

apply with sufficient exactness to the one hundred feet overlying the

Buena Vista ledges in the region east of the Scioto. The general com-
position of these' clays and blossoms of ore is shown in the appended an-

alyses. Number 1 is a clay from Gregg's farm, between the black slate

and the brown stone; number' 2 is a fair representative of the clays

that compose a notable part of the series for one- hundred feet at least

above the black slate in Pebble township; and number 3 gives the con-

stitution of the scale of ore that incrusts the concretions to which refer-

ence has already been made

:

No. 1. No. 2.

Silicic acid 61.00 61.10

Alumina , 22.25 22.79

Sesquioxide of iron 5.55 4.81

Lime..... , ; 0.70 0.70

Magnesia 1.40 1.40

Potash and soda , 3.90 2-75

Water, combined 4.80 5.80

99.60 99.35

No. 3.

'Silieious matter 32.12

:Sesquipxide of iron 53.97

-Alumina 1.80

Manganese 1.00

SPhosphateof lime .'. 2.11

Magnesia and sulphur -trace

Water, combined >v ; 8.30

99.30

"Metallic iron '.

37.767

Phosphoric acid 1.279

The large amount of potash and soda in analyses 1 and 2, and the equally

unusual percentage ofphosphate of lime in No. 3, are points of sufficient in-

terest tobenoticed here. These are the substances upon which, more than
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upon any others, the fertility of soils depends, and the proportions here

given are sufficient to make the soils derived from these shales and clays

of the very highest degree of excellence. They explain the great fertil-

ity of these upland soils of the county when found in a state of nature,

as is attested by the luxuriant growth of all the better sorts of timber

that are to be looked for in this region. Under skillful tillage, also, they

yield excellent results ; but the modes of treatment in common use are

so ill-adapted to their constitution that much of the land, when cleared,

is counted unproductive and rated low.

At various points in the county, but still more conspicuously just be-

.
yond its northern boundary, a stratum of conglomerate occurs between

twenty-five feet and fifty feet aboye the Buena Vista stone. It has not

been distinctly seen in place within the limits of Pike county, but it is

quite certain to be recognized by the pebbly waste of its outcrop. The

most southerly point at which it has been met is on the farm of Thomas

Walden, in the southern portion of Pebble township. This point, then,

marks the extreme extension of that heavy bed of conglomerate which

make's so conspicuous an element in the geology of the counties north-

ward, as shown by Pr6f. Andrews in the report of 1869. As is the case

in all of these Sub-Carboniferous and Coal-Measure conglomerates in

Ohio, nearly every pebble is quartz. The weight of one of the largest

from this horizon was found to be six ounces, even after ,a considerable

fragment had been broken off.

No opportunities have been found, especially on the west side of the

Scioto, for studying the remainder of the series with the same care that

has been given to the lowermost two hundred and fifty feet. There are

at least three hundred feet of higher beds contained in the knobs, that

have already been described as making so striking a feature of the county,

on the west bank of the river, in the central portions of the county.

But these elevations are for the most part wooded ; no water-courses flow

from them ; no quarries have been opened in them ; and the opportuni-

ties for. seeing their real structures are of the poorest. There are much
better exposures of the upper Waverly on the east side of the river; but,

as will be presently shown, the series is so different there that the facts

obtained from the latter section would not hold true in the one now un-

der consideration.

A few statements can, however, be made in regard to these three hun-

dred feet that will prove of service to those who are interested in com-

paring the varying elements of the Waverly group in different sections

of the State.

(1.) _
With the exception of the Waverly shales and the Waverly black
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slate, the beds already described are almost, or altogether, destitute of

fossils. The only organic remains found in the Wayerly shales are sea-

weeds, and these are principally found in the uppermost layers. The
contents of the black slate are more varied and interesting, as has been

already shown,; but all the rest of the series thus far reviewed is desti-

tute of plant or animal life. In the beds that remain to be character-

ized, however, both vegetable and animal fossils occur in considerable

abundance. The peculiar cock-tail fucoid (Spirophyton cauda-galli) begins

ut three hundred feet above the base of the series, and is thencefor-

ward abundantly met with. There is one well-marked fossiliferous stra-

tum, in which mollusks and crinoids abound, about four hundred feet

above the base'. This is well shown in various exposures on Chestnut's

Mountain, Sunfish township. It is also found in all of the ground high

enough to hold it to the northward, and also upon the east side of the

river. No quarries have been opened at this horizon, and no good oppor-

tunities have been found for collecting fossils.

(2.) While shales and sandstones alternate through all the series,

there seems to be in Pike county less of the former element, in propor-

tion, above three hundred feet than below. In particular, the highest

beds on the west side of the Scioto, as in the caps of the knobs, are quite

firm in composition. They probably constitute the " Logan Sandstone "

of Prof. Andrews. There are known to be scattered through this upper

portion occasional valuable quarry courses, but they have not been

worked enough to show their extent or availability. In all of the

higher beds, so far as noted, the color of the solid courses is darker than

that of the true Waverly quarries. A fawn-colored tint marks all of the

highest beds.

On the, east side of the river, in the central portions of the county, a

very similar line of facts obtains ; but in the north-eastern corner, and
along the eastern border of the county generally, the Waverly system is

much reduced in thickness. In Jackson township it is not more than

four hundre and fifty feet in thickness. The place of the upper beds is

supplied by heavy deposits of Coal-Measure conglomerate.

5. This conglomerate is a new element in the geological scale of the

county. As Prof. Andrews has shown in his report upon the counties to

the eastward, the deposit is one of quite limited extent. It stretches in

a north-easterly and south-westerly direction from the west side of Jack-

son county into Scioto county. It occupies all of the highest ground of

the four following townships in Pike county, viz., Jackson, Beaver, Ma-

rion, and Union. In the first named township its outcrops in the hills

that border the Scioto valley overhang the river. It has a thickness in
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the " Chimney Rocks," near the mouth of Hickson's Run, of one hundred

and eighty-nine feet, as given, by barometer. It consists almost exclu-

sively of silicious materials, quartz pebbles, and sand. The stem of a

calamite or a sigillaria—well-known coal plants—is occasionally met

with. There are streaks of iron in the sand that cements the pebbles,

which resist weathering agencies better than even the remainder of the

series, and they are frequently left in relief upon the surface of exposed

beds.

The outcrop of the conglomerate in Jackson township is almost always

a vertical wall from fifty to one hundred feet in height. A line of weak

springs marks its base. Occasional seams of shale are found interstrati-

fied with the formation, so that the soil formed from it, though thin and

poor, as is shown by the stunted pines and oaks which i^ bears, is, after all,

less sterile than it would have been if composed of the silicious conglom-

erate alone. The greater distance of the conglomerate from the river in •

the other townships named, and the consequent more gradual descent of

the drainage streams, forbids the formation in this area of the precipitous

cliffs of Jackson township ; nor has the thickness of the stratum been

elsewhere found as great as in the section at the Chimney Rocks above

reported. •

6. The last element to be named in the scale of the county is a coal

seam. It does not, however, occur at the very summit of the series, but

is found in certain limited areas interposed between the beds of conglom-

erate and coarse sandstone just described. It forms a part of the unmis-

takable western boundary of the JackBon county coal field. There seems

little reason to doubt that the Pike county seam is the extension of the

well-known "shaft coal" of Jackson Court House, which is found in a

like situation with reference to the conglomerate. At all events, a seam

resting on the conglomerate, and covered by conglomerate, or c'oarse

sandstone, can be followed westward from this last named point to the

district now under consideration. Callahan's bank, three miles west of

Jackson Court House, where a three-feet seam, which is identical in

quality with the shaft seam, occurs; Whaley's bank, two miles to the

west and north from the above named outcrop, where the same three-

feet seam has been worked; and Dowhard's bank, on the western line

of Jackson county, where a blacksmithing coal, three feet thick, is now
open, connect the coal of section 19, Jackson township, Pike county, so

directly with the shaft -coal, that there is not much risk in identifying

the various exposures as parts of one and the same seam. That the Pike

county seam is the western boundary of the coal field is shown in the

fact that the same ledge that holds the coal is exposed for. two miles to

the westward, from top to bottom, and no 'trace of the seam is found.
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In Jackson township coal has been taken out at several points for

family or neighborhood use, and the seam has been marked at many
points where it has not yet been opened. One of the best known open-

ings is at Johnson's bank, in section 31. The seam here has a thickness

of twenty-five inches. It rests on conglomerate,, from which it is sepa-

rated by a thin sheet of fire-clay, and is overlain by a heavy ledge of the

same material. The seam is also shown in precisely similar relations on

the land of Isaac Wickline, in section 22.

The coal .taken out from Johnson's bank has a
;
fair local reputation,

and has been used by blacksmiths in the neighborhood with satisfaction.

It strongly resembles, in physical characteristics, the Jackson shaft coal,

and the following analysis by Prof. Wormley shows it to agree quite

closely with that excellent seam in chemical composition. Analyses are

also introduced here of several of the coals, above referred to, that con-

nect the Pike county seam with the Jackson Court House mines. Down-

ard's bank has an excellent local reputation.
r
Whaley's bank is not now

open. Callahan's bank yields a coal not inferior in any respect—at least

as far as purity is concerned—to the best coal of Jackson county. The
analysis of the shaft coal is added, to give opportunity for comparison :

Johnson's. Downard's. Callahan's. Shaft coal.

Specific gravity 1.3l3 1.323 1.295 1.267

Moisture.; 6.40 7.70 8.00 7.50

Ash 4.70- 6.50 3.10 4.10

Volatile combustible matter... 33.60 29.30 26.30 30.90

Fixed carbon 55.30 56.50 62.30 57.50,

100.00 100.00 . 100.00 100.00

•Sulphur 0.57, 1.09 0.57 0.74

' Sulphur left in coke 0.38 0.52 0.2.1 0.22

Sulphur forming per cent, of

coke 0.63 • 0.82 0.32 0.34

Gas per lb. in cubic feet 3.64 3.82 3.80 2.51

Ash Yellow Yellow Yellow ......

Coke..., Pulverulent Pulverulent Pulverulent

No coal has yet been found in Beaver township. The great amount

of rock removed in the formation of the broad trough of Beaver valley

might account in part for its absence ; but there are reasons for believing

that the conglomerate extended to the eastward in a promontory through

Beaver township, Pike county, and Liberty township, Jackson county,

separating two westward extensions of the coal fields—the first of which

has already been noticed, and the sedo'nd of which comes to view in the
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two townships south of the last named, viz., in Marion and Union town-

ships.

The lower coal seam has been worked for several years in the neigh-

borhood of California, in section 33, Marion township. The coal is some-

what slaty in parts of the seam, but answers very well for household use.

It measures twenty-one inches to twenty-four inches at the only opening

now worked. It rests on a heavy ledge of very coarse conglomerate, and

is situated in all respects yke the outcrops of Jackson township.

The same seam has been 'worked three miles to the northwest of this

point, on the farm of John Feesor, in section 19, Union township. This

is the westernmost outcrop of coal thus far recorded in the State. It is,

in fact, west of the line which the Scioto River reaches in its excursion*

to the eastward in the northern part of the county. If a similar deflec-

tion of the river had chanced to take place at this point, coal would have

been found on the west side of this great boundary—the Scioto River.

Analyses of the coal furnished by the last named townships are here

added. The first is the California coal, from A. Hendricks's bank ; the

second is from Feesor's bank, Union township

:

Specific gravity 1.327 1.378

Moisture... 8.70 7.10

Ash 4.20 6.80

Volatile combustible matter 28.30 29.50

Fixed carbon . 58.80 56.60

100.00 100.00

Sulphur 0.74 0.46*

" leftincoke .'

0.27 0.27

" forming per cent, of coke !
' 0.42 0.42

Gas per lb. to cubic feet 3.64 3.24

Ash Yellow Yellow

Coke ... Pulverulent Pulverulent

A brief summary of the facts in regard t© coal in Pike county will be

here given.

The lower seam has been found and worked in three 'townships of the

county. The seam has a general thickness' of two feet. The quality

of the coal is certainly fair. It is nearly free from sulphur, but has a

larger percentage of ash than is found in coals of the first quality.

This fact is not, however, shown 'in the analyses above given. It

is by no means certain that the seam extends uninterruptedly between

even the nearest outcrops. The lower coal seam is known to be every

where capricious, suddenly thinning out and disappearing; but observa-
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tions and examinations made, some of which have been given above,

would warrant a reasonable expectation of finding it on parts of sections

2, 3, 10, 11, 18, 19, 22, 23 of Jackson township, and on sections 20, 21, 28,

29, 32, and 33 of Marion township, and on sections 19, 20, and 31 of Union

township, in addition to openings already made. The area in which it

occurs, and may occur, is considerable, and the fuel buried here can not

fail to be valued and turned to account as the country grows older. The

same seam, in heavier volume, is also to be looked for on the western

side of Jackson township, Jackson county.

The topography and geological scale of the county have now been

briefly treated, and the principal points of interest in regard to origin,

history, and economical applications, have been noticed in passing.

The following topics remain to be discussed, with equal brevity—the

Drift formations of the county, the soils, and the water-supply.

The true glacial Drift is not prominently shown in Pike county. It is

even a question whether any part of the surface is to be referred to it.

Besides the great trough of the Scioto Eiver, which constitutes a feature

by itself in the topography of the county, there are three principal re-

gions in which heavy deposits occur that are referable to some division

of the Drift. These regions have already been referred to in the discus-

sion of the topography of the county. One of them, the Cynthiana val-

ley, holds the north-west corner; another, the California valley, holds

the south-eastern corner ; while the third, the broad furrow of Beaver

valley, traverses the eastern central district. These valleys are all filled

with heavy beds of blue clay, the depth being known to exceed fifty feet,

in portions, at least, of each. In the counties north of Pike two varieties

of blue, Drift clays are found—the first, or lowermost, being the tough,

unstratified clay, containing polished and striated bowlders of northern

origin, which is commonly known as hard-pan. It can be quite confi-

dently referred for its origin to the melting of the great glacier, which

covered the northern portion of the continent at the height of the Gla-

cial Period.

A second variety is a stratified blue clay, which contains frequent traces

of vegetable and animal life. Its origin is referred to the time of conti-

nental submergence that followed the melting of the glacial sheet. The

few opportunities found in which the blue clays of Pike county seem to

»how that they belong to the latter division, vegetable remains being

quite frequently met with in digging wells in the first two of. the locali-

ties named. These stratified beds are very likely underlain by the true

bowlder clay.

The uplands of the county are altogether destitute of Drift deposits.
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It is certain that the great ice-sheet never brought its burdens of foreign

materials to these areas. There are in Pike county no deposits of bank

gravel—the great' resource of the districts north for road-making—if a

single exception is made for the neighborhood of Cynthiana. The river

beds and banks furnish an abundant supply of-gravel to the regions adja-

cent ; but the absence of bank gravel shows that we have passed beyond

the most characteristic effects of the Drift.

The Scioto valley—like all similar valleys in this portion of the State

—

is filled with deposits of modified Drift throughout its whole extent.

This valley Drift in Pike county is recognized under four divisions, viz.,

the first, second, third, and fourth bottoms. The first bottoms, the lowest

of the series, comprise the lands that are overflowed at every flood ; the

second bottoms are covered only with extreme high water. The bound-

ary of the third bottoms is quite distinctly shown in a terrace fifteen or

twenty feet in height, and its surface is elevated by the same measure

above the highest floods. The fourth and last division has an elevation

of about sixty feet above low water, and is generally bounded by a dis-

tinct terrace. It is not to be understood that allof these divisions are to

be recognized every where. Sometimes the first bottoms extend to the

edge of the bedded rocks which bound the valley ; and more frequently

the four divisions are all represented in a bank fifty or sixty feet above

the river channel. Between Jasper and Piketon the whole series is very

handsomely shown.

The third and fourth divisions agree in general composition. They

both consist of gravel—a large part of which is limestone—of sand, loam,

and clay, variously intermingled. The broad, fertile, and well-drained

tracts of the fourth bottoms furnish very attractive and advantageous

locations for residence, and have been selected for the two principal

towns of the valley, viz., Waverly and Piketon.

The first and second bottoms furnish the most productive lands of the

county. There is, in fact, no better corn land in the State than this di-

vision within the limits of Pike county. Their fertility is maintained

unimpaired by annual deposits from back-water—the overflow of the

river being now quite commonly regulated by levees. The depth of the

annual'deposit upon the lowest bottoms varies from one inch to one foot.

When the larger measure is reached, a winter must intervene before the

mud works kindly under tillage.
"

. As the drainage of the State was gradually arrested in the later stages

of the Drift period by the northward subsidence of the continent, it

seems probable that the valley was largely filled to the height of the last

terrace. When a re-elevation began, the clearing out of the old channel
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would necessarily follow, with the establishment of the terraces that

make so conspicuous a feature in the valleys to-day.

III. SOILS.

The subject of the soils of the county follows next in order, and hag,

indeed, already been touched upon in the reference to the deposits that

fill the Scioto valley. ',

The Scioto valley is far more productive than any other equal area

within the county. The variety of soils found within it has been indi-

cated in the description of the different elevations which the valley de-

posits now hold. The two lower members of the series give excellent

examples of alluvial soil. They constitute in Pike county, and below,

one of the great corn fields of Ohio. They are planted every summer,

and it is by no means uncommon to find eight or ten square miles of In-

dian corn in one unbroken tract. The ordinary yield ranges between

fifty and seventy-five bushels to the acre.

The soil of the terraces is hot thus renewed by natural agencies, and

though still very productive, shows in a marked degree the incipient

exhaustion that all of theland of this part of the State, except the allu-

vial bottoms, exhibits under the system of tillage now in use. These

areas have been growing less tractable of late years by the exhaustion of

their organic matter. The plowing in of clover restores this element,

and works admirably in ameliorating the lands that have grown stub-

born. " '

The remaining valleys of the county Have not shared in the geological

fortunes of the Scioto valley, and, consequently, lack its fertility. None

of them contains limestone gravel to any extent.

The' intervals of the Sunfish are quite narrow, and the soil is de-

cidedly inferior to that of the river valley.

The clays of the Beaver, California, and Cynthiana valleys form for

the most part cold soils, better adapted to grass than to cereals.

The upland soils of the county* are, without exception, native soils,

formed where we find them by agencies such as we now see at work.

Being made from different materials, as the different belts of the geologi-

cal scale successivelyIbrm the surface, they exhibit great differences in

composition and character. Three general divisions will be recognized by

every one acquainted with the county as dividing among them the up-

land areas. They are the slate soils, the Waverly soils, and the conglom-

erate soils.

On the western border of the county, especially in Perry and Mifflin

townships, we find the Huron shales, largely displayed. The soil formed
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from their weathered outcrops is quite characteristic, being emphatically

a thin soil, slight in volume generally, and so lacking in favorable con-

ditions that no ordinary field crops can be raised upon it with profit.

Forest trees, however, within quite, a limited range of species, manage

to grow upon it. In fact, they establish themselves upon raw banks

of shale before any such changes have been wrought in it as, would

make it proper to term it a soil. The chestnut (Castanea vesca) and the

Spanish oak (Quercus palustris) are every where characteristic trees, and

the chestnut oak (Quercus castanea) is also common, though less abun-.

dant than the first named trees. Fruit trees are also found to thrive

well and produce well upon slate soils ; but grasses and cereals either fail

altogether in them, or have but a dying life.

The products of the weathering of the shales are accumulated in the

valleys as quite stubborn clays, which contain the elements of fertility,

it is true, but which require more careful treatment than they generally

obtain to render them at all desirable for tillage. The lands of this divi-

sion are, on the whole, decidedly the least productive within the county.

If left to produce the only vegetation for which they show a natural

adaptation, viz., forest growth and orchards, they can be made to serve a

very useful purpose ; but when hill-sides of shale are stripped of their

forest growth and subjected to tillage, they soon become as nearly desert

as any lands in the State ever become.

The Waverly soils come next in order. They are in efrery way more

important than the preceding division. They occupy a much larger

portion of the surface of the county, cohering, in addition to all other

exposures, all of the table-lands of the western side of "the county;

instead, as in the case of the shales, being confined to the slopes of the

hills—and they are, besides, much more productive, the farming land

which they furnish yielding excellent rewards to skillful husbandry.

They vary among themselves according to the character of the particu-

lar strata from which they have been formed ; but these .varieties are-

kept within quite narrow limits. But few of the sandstone beds are

destitute of -clay, and all of the shales contain more or less sand. The
percentage of silica is so large in some of the soils that they come under

the category of light soils ; but in much the larger number of instances

the clay predominates, and a strong, tenacious soil is the result. Most

of them are naturally light-colored. They rarely show the reddish tints

of the native soils to the westward. They contain in- abundance all of

the chemical elements necessary for vegetable growth, but under culti-

vation they generally stand in urgent need of the amelioration that a

good supply of organic matter in the soil furnishes. Their native fer-
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tility is shown by the luxuriant forest growth with which they are cov-

ered. The^e is no finer timber produced in the State than the hills of

IPike county supply. The variety is large, embracing poplar, hickory,

ash, walnut, and oak. The flanks of the hills are covered equally with

the summits. '

A notable difference will, however, be observed by even a casual ob-

server between the northern and the southern slopes of the hills. This

'difference is shown not only in the amount but also in the kinds of tim-

ber, produced. It depends on physical conditions altogether, the two most

prominent being the following : Our heaviest rains coming from the

south, wear away the forming soil from the sides of the hills against

which they beat ; and, in the second place, the action of the sun is far

more powerful on southern slopes than on northern, reducing the moist-

ure of the soil very often below the limit which vegetation generally re-

quires. The kinds of timber, as intimated above, are found to vary very

much in the different exposures. On the south side the same trees are

found growing that have already been named as characteristic of the slate

soils. On the summit of Windle's Knob, one of the high points, of the

county, five miles west of Waverly, and on its northern slope, the follow-

ing varieties of trees were counted within the areaof forty square rods :

Bed Oak ..Quercus rubra.

Pigeon Oak Quercus acuminata.

Chestnut^ak Quercus castanea.

Ohestnut!.„ Castanea vesca.

Black Walnut ..Juglans nigra.

Hickory-. .'Carya alba.

Blue Ash Erasmus quadrangulata.

Black Locust Robinia pseudacacia.

Redbud Cercis Canadensis.

Dogwood Cornus florida.

Basswood, or Lin .Tilia Americana.

Persimmon •. „..Diospyros Virginiana.

Like all the other lands of this part of Ohio, these Waverly soils are

generally subjected to a rude and exhausting system of tillage; but

wherever an exception is made to this rule the lands yield a generous

return. One or two farms in Pebble township, near the little village of

Buchanan, give a hint of the possibilities that are latent in these up-

lands under wise husbandry. There is no defect in them, let it be re-

peated, in natural composition or constitution. Under proper treatmerft,

they make the business of agriculture a living business for the tiller of

the soil, while at the same time, they beeome more and more adapted to

the work required of them.
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The conglomerate soils of the eastern uplands of the county need no

extended remark. There are barren areas within them, derived from

the pebble beds, without any admixture of shales ; but, for tbe most part,

they are covered with the forest growth that belongs to

. steep slopes of the hills on the northern sides are always productive. It

costs much more to till them than to till the great valleys, but the slopes

are scarcely less productive than the'richest of the valleys.

The first named of the native soils of the county was spoken of as

specially adapted to the growth of timber and to the production of fruit.

While the remaining divisions are not limited, as are the shales, to such

lines of production, it may be said that all of the highlands of the

county are happily adapted to these s,ame interests. For successful fruit-

growing, the hills of Pike county can not be excelled in southern Ohio.

By their elevation they gain exemption from late frosts in spring—one of

the chief obstacles to fruit-growing in the State. A peach crop is very

seldom forfeited on the high grounds.

For a cause presently to be mentioned, these uplands can not be very

successfully devoted to stock-raising ; nor can cereals be produced from

them in remunerative degree, if the same system that prevails in the

valleys is followed here ; but an intelligent adaptation of means to ends

in dealing with them will make them more kindly and more fruitful

soils than the most favored regions of the New England States, or the

eastern border of the country generally ; and however poor these lands

are now counted in comparison with the beautiful plains below them, we
may be sure that they contain untold possibilities of agricultural

wealth, which are certain, at some future day, to be utilized.

'
• IV. WATER-SUPPLY. -

, , .

One topic remains to' be discussed, viz., the important one of water-

supply. This will be considered in connection with the geological divi-

sions already given.

1. There are many springs at the lowest geological horizon of the

county, viz., at the surface of the limestones along the western edge of

the county. Though issuing from the limestones, they are in almost all

cases derived from the porous beds of the overlying Huron shales. If

the springs are weak, and especially if the water moves from them
slowly, they are very likely to be impregnated with dissolved mineral

matters, of which sulphur and iron are chief. Such springs invariably

acquire a local reputation as medicinal, and though, as a rule, pure water

is to be preferred for hfciman use to supplies that are burdened with min-
eral matters dissolved from the rocks, the nature of the impurities here
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contained renders it improbable that the use of these waters can do

much harm.

There are several springs of unusual volume in this district. The most

notable is one well known through the whole Sunfish valley as the " Big

Spring," or "Campbell's Spring." It is without doubt the largest spring

in south-western Ohio. It is universally believed in the neighborhood,

and, appa ently, on good grounds, that a mountain stream called "Dry-

bone," which disappears abruptly from its bed two miles to the westward,

emerges again as Campbell's Spring, its waters having been cooled, clari-

fied, and re-enforced by their subterranean journey. It is claimed that

the water has been tracked through the mountain that intervenes by

bran or chaff, which was thrown into the stream, and which was found

again in the spring. There is reason to believe that the spring has more

than one principal source.

An attempt was made a year or two since to utilize this strong and

steady stream of water by making it turn a mill-wheel. To secure the

necessary "head," a heavy wall was laid in cement around the spring;

but the water rose only four or five feet before it burst out from the side

of the mountain a few rods to the northward of its old point of emerg-

ence, thu < rendering the enterprise fruitless.

2. No valuable springs occur in the black slate series. Indeed, there

is no geological formation in the State that furnishes wa,ter of as poor

quality and in as inadequate supply as this. "Seeps" rather than

springs occur at infrequent intervals in its outcrops, but the water is

mineralized to such an extent as to be unfit for use by man or beast.

Wells are, in like manner, impossible or Unprofitable in this formation,

the quantity or quality of the supply, or both, being objectionable.

3. The frequent courses of shale that occur in the Waverly series

prevent water from entering or passing through it to any great extent
;

and this great division of the rocks of the county must, thereiore, as a

whole, be set down as poor in water-supply. Where some of the sand-

stone strata—as, for example, the Waverly quarry courses—a're exposed

for any considerable area, springs of. pure water mark the outcrop of the

first underlying seam of shale ; but there is no , considerable line of

springs to be referred to this horizon, nor, indeed, to any other horizon in

all of the series. What few springs occur are generally of fair quality,

but of light volume, and, for the most part, fail during the heat of sum-

mer.

The Waverly table-lands, of which extended mention has been made,

are especially defective in natural water-supply. The weathered prod-

ucts of their rocky floor generally form a compact and fine-grained clay
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subsoil, at least as impervious to water as the shaly beds from which in

large measure this subsoil is derived ; consequently the rain is refused

entrance, and springs, wells, and- living streams are alike impossible.

There are weeks, or even months, during almost every summer in which

all surface water disappears from these extensive areas, and stock of all

descriptions must be driven daily from one to four miles for water^ For

domestic use cisterns are every where constructed, and the clay is so tena-

cious that it holds water quite well without cement, a dry wall being

generally laid to guard the excavation. „ What are called wells in these

areas are generally pits in this impervious clay, and the entire supply is

derived from surface water. The wells then differ from the cisterns

principally in this respect, viz:, the latter are supplied from the roofs,

while the former receive their supply from the foul and neglected surface

adjacent to house or barn. Wate? from such sources must always be

looked upon with grave suspicion. There is no question but that it is

very often the medium for spreading disease and death. It- is obvious

that all the roofs of these regions should be taxed for water-supply.

4. The conglomerate of the eastern side of the county furnishes at its

base occasional springs upon v ich some dependence is placed. The

seams of shale, however, distrib ted even through the conglomerate, in-

terfere with its service as an efficient water-bearer.

5. The Drift deposits of the county furnish the usual line of facts in

this connection. The Scioto bottoms are full of water throughout their

whole extent, but it is generally necessary to go to the level of the river

before reaching it. For the third and fourth bottoms, which have been

already mentioned as the most desirable locations for residence, the dis-

tance is so great as to render this source practically inaccessible.

It will be seen, therefore, that almost all of the county is, to a greater or

less degree, defective in natural water-supply. Springs, wells, and water-

courses are quite inadequate to meet the demands in large areas of the

county. The people of such districts can not move too soon in securing

the artificial reservoirs that must take the place of the natural supplies.

Economy, comfort, and health alike demand more careful provision for

this indispensable element, in properly constructed and properly guarded

cisterns.
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CHAPTER LVIII.

REPORT ON THE GEOLOGY OP ROSS COUNTY.

The general geology of Ross county agrees very closely with that of

Pike county, already given. The two counties have a common geological

scale, and their principal topographical features, which are very similar,

they owe to a common geological history. They differ, however, in one

important particular, viz., the characteristic deposits of the glacial Drift

cover the northern townships of Ross county, but are wanting at least-

in the uplands of the regions to the southward.

A detailed description of the geological series of the county would,

therefore, involve a needless repetition of the statements of the preceding

chapter. In the present report, therefore, only those facts which are pe-

culiar to the area now under consideration will find place.

The various topics to be treated will be taken up in the same order as

in the preceding section.

r
-I. SITUATION AND TOPOGRAPHY.

Ross county is bounded on the north by Pickaway, on the east by

Hocking, Vinton, and Jackson, on the south by Pike, and on the west by

Highland and Fayette.

As in Pike county, the chief feature in the topography is the broad

and deep trough of the Scioto valley, which traverses the county from

north to south, dividing it into two unequal areas, the western side ex-

ceeding the eastern in- the ratio of 2 : 1. The river cuts the north line

of the county at very nearly the middle point, and flows thence almost

directly south to Chillicothe. It is here strongly deflected to the east-

ward ; and in the extreme south-eastern corner of the county the main

valley is not more than four miles distant from the Jackson county line.

The western side of the county is deeply divided and subdivided by

the valley of Paint Creek and that of its principal tributary, the North

Fork. Paint valley is, next to the Scioto, the most important of the

surface features of the. county.

East of the Scioto, and in the south-eastern corner of the county, Salt
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Creek flows in an old and deeply excavated valley. These constitute, the

leading cases of erosion and material modification of the surface. Still

other examples are furnished by Deer Creek and Kinne-Kinnick, on the

northern side, and by Indian and Walnut creeks on the south.

The high table-lands that make so prominent a feature in the topog-

raphy of Pike county are wanting here, except in the southern tier of

townships, and in several of these there are but few examples.

Paint Creek is flowing, for a short portion of its course, in a new val-

ley, the origin of which can easily be understood in the light of recent

geological history. There are numerous cases of this kind in south-west-

ern Ohio, an interesting one of which is given in the report on the

geology of Clarke county, in the first volume. The facts connected

with the present instance, however, are more remarkable than any
yet recorded in this geological district. As the origin of this new val-

ley is unmistakably connected with the history of the Drift period in

the county, a full account of the case will be deferred until that part of

'the report is reached in which the formations of the Drift shall be

taken up.

1

II. GEOLOGICAL SERIES.
\ >

-•

1. There are several facts which render the limestones of Ross county

much more interesting and important than those of Pike, county. In

the first place, the, county stretches several miles further to the west-

ward, and thus takes in a larger area of these rocks. In the second

place, and chiefly, they have been laid bare in the deep valley of Paint

Creek and its tributaries through all of the western border of the county,

so that not only is a^ large area exposed, but the valley has been cut en-

tirely through the Helderberg series deep into the Niagara group. The
section thus exposes two Silurian limestones instead of one, as in the

district beyond. In addition to these points, it may be remarked that

the deep gorge of Paint Creek furnishes some of the most picturesque

scenery of southern Ohio.

On the west line of Buckskin township, for two miles above and fwo

miles below the Marietta and Cincinnati Railroad, the valley of Paint

Creek is hewn out of the heaviest section of limestones of the Helder-

berg division known in this part of the State. There are not less than

forty feet shown in vertical section in the Rucker quarries, opposite

Greenfield. It is probable that this forty feet exhausts the Helderberg

series in its downward reach, or, in other words, that the courses imme-
diately beneath belong to the Niagara group. The character and value

of the stone and the extent of the quarries have been described at length
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in the chapter on Highland county in the Report of 1870, and no further

mention of these facts is demanded here. It may be said, in passing,

that these quarries furnish in their remarkably even-bedded courses

some of the most desirable stones of the State. The fact that all the

fragments and waste of the quarries can be burned into lime of fair

quality, renders the working of them as economical as possible.

But few varieties of fossils are seen in the quarry rock. The bivalve

crustacean, Leperditia alta, which is characteristic of the formation,

covers thickly the surfaces of many successive layers. A faVosite coral

is not uncommon,, and several species of brachiopod shells are occasion-

ally met with.

Two miles below the Greenfield quarries the rock becomes more fossil-

iferous, and well-preserved casts of several species of shells have been

found. They are referred to the genera Atrypa, Nucleospira, Meristella,

etc. The species are probably undescribed.

The Helderberg limestone is through all of these exposures—a magne-

sian limestone, containing forty to forty-four per cent, of carbonate of mag-

nesia, and fifty to fifty-four per cent, of carbonate of lime. As the name
of the lower member of the group denotes— to which this division, now

under consideration, undoubtedly belongs, viz., the waterlime—a cement

rock often finds place in the series. The formation is true to its name in

Ross county. On the Rittenhouse farm, in Concord township, the upper

beds of the series have long been burned into a hydraulic lime of a high

degree of excellence. Experience of its qualities for thirty years makes

it certain that it is a strong and durable cement. Its composition is

given in the report on Highland county, above named. The supply is

large, and the cement can be manufactured at advantage in all respects.

It requires to be worked, however, in a different manner from the ce-

ments in common use, and this fact has hindered the development of the

business here. The valuable properties of the stone will doubtless be

utilized in time to come.

The lowest courses exposed in the bed of Paint Creek, at the locality

named above, viz., two miles below the railroad crossing at Greenfield,

belong, as has been said, to a different horizon, viz., to the Niagara group.

They are very readily distinguished, both by lithological characters and

by the fossils which they contain. The upper beds of this series in

southern Ohio are almost every where characterized by the very conspic-

uous casts of one or more of the following fossils, viz., Pentamerus oblongus,

Trimerella Ohioensis, Megalomus Canadensis. The casts sometimes make

up the very substance of the rock. Other forms are intermingled occa-

sionally in great abundance. The more noticeable sorts are favosite
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corals, univalve shells, and chambered shells. The beds on Paint Creek,

,

for a dozen miles below the last named point, are occupied very largely

by casts. of Megalomus. This remarkable.fossil occupies nearly, or quite,

ninety feet of limestone, near the mouth of the Rocky'Fork of Paint.

As the Helderberg limestone is followed to the southward and east-

ward' it is observed to thin but very rapidly. An excellent, section—one

of the best in this whole r,egion—is found on the banks of Buckskin

Creek, two miles north of Bainbridge, on the Greenfield road. The
Megalomus beds of the Niagara, the Helderberg (waterlime), and the

Huron shale are all shown in a section of fifteen feet. In other words,

the Megalomus beds reach up almost to the shales—a thin wedge of Hel-

derberg alone separating the two formations.

It will be remembered that a few miles to the south-westward the

Helderberg disappears in places entirely, the Huron shales lying upon
the Niagara strata. The uppermost member of this formation at this

point is a peculiar sandstone, which has been described as the Hills-

borough sandstone. There are a few exposures of this sandstone in Pax-

ton township, in the vicinity of the caves of Rocky Fork.

We find in the great exposure of limestone at the Falls of Paint, in

the beds that underlie the Megalomus division, another of these fossils

above named in equal abundance. The casts of Pentamerus oblongus here

make up the very substance of the rock.

As Paint Creek turns in the extreme south-western corner of the

county abruptly to the north-east, the heavy easterly dip of the lime-

stones soon buries them below the surface. Their last appearance is op-

posite the village of Bainbridge.

An admirable general section of the rocks of the western side of Ross

county is furnished by Bonner's Hill, in the same neighborhood. The
summit is five hundred feet above the valley, and the following scale

—

the formations being represented in their true order—is shown in the

eteep ascent

:

_ .

Feet.

Tipper beds of Waverly group (Buena Vista division, etc.) 42

Waverly black slate 15

Waverly quarry courses ' 31

Waverly shales 50

Huron shales .; '. 332

Helderberg limestone (waterlime) ".

15

Niagara limestone (Megalomus division) 15

Both of the limestones here shown are capable of furnishing an un-

limited supply of lime of the highest quality. It is not, indeed, sur-

passed in whiteness, mildness, "and durability by any lime of the State.
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The Niagara rock is ill-adapted, to building purposes, coming out of the

quarry in massive and ungainly blocks; but the close proximity, in this

region, of the fine courses of the Waverly quarries renders it unnecessary

to turn it to such uses.

2. The Huron shales are, perhaps, the most characteristic formation

of the western half of Ross' county. They occupy a large area, and im-

press peculiar features upon the soil, the vegetation, and the scenery.

They afford at Benner's Hill, above mentioned, the heaviest section

yielded by the formation in Ohio, viz., three hundred and thirty-two feet.

The composition 'of the series, as shown in this and closely adjoining

sections, has two points that deserve mention. The first is the occur-

rence of twenty-six feet of white and blue clays at the base of the series
j

and the second, which is much the more interesting observation, is the

occurrence of a calcareous layer, well charged with fossils, at the height

of forty to fifty feet above the base of the system. The clays are shown

on the west side of Benner's^ Hill. The limestone seam is best seen at

Ferneau's Mill, one mile east of Bainbridge"; Mr. J. H. Poe, of Chilli-

cothe, first called attention to its existence, and to him the Survey is in-

debted for a very interesting fossil—the body of an hitherto undescribed

crinoid—obtained from this locality. The calcareous seam varies be-

tween three inches and six inches in thickness. Its composition is

shown in the appended analysis, made by Pr6f. Wormley

:

Silicic acid 53.20

Iron and alumina.... , 2.10

Carbonate of lime 37.20

* Carbonate of magnesia 6.88

99.38

Its interest lies in the fact that no other such seam has been reported

in the ,whole extent of this formation. Taken as a whole, the Huron
shales are almost entirely destitute of traces of either vegetable or animal

life. Two brachippod shells, a Distinct, and a Lingula, have been found at

various points in the system, and the great concretions which the forma-

tion holds have yielded the remains of some remarkable species of fishes

;

but throughout most of its extent it is utterly barren of palseontological

interest. One of the difficulties in settling the Ohio geological scale, or,

at least, of correlating certain of its upper members with the members of

the eastern geological series, has lain in the fact that fossils, the true

labels of the rocks, are here wanting. The outcrop of the slates on the

western side of Ross county promises valuable contributions to our

knowledge of the life of the seas and shores during the long period in

which these black shales were accumulating upon the floor of the an-
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cient ocean. The few square feet exposed in the bank opposite Ferneau's

Mill have already yielded a new crinoid belonging the genus Melocrinus

and described by Prof. Whitfield in Vol. II. of the Ohio Palaeontology ; a

t^ritaculite, identified by Prof. Whitfield as Tentaculites fissurella, and
which is found at the east in the Marcellus slate ; and several obscure

and undetermined corals. Vegetable remains are also sometimes met
with in the same locality. A calamite, several feet in length, was found

at the center of a large concretion, and a prostrate tree, the bark of

which had been converted into coal, was traced by Mr. Bergen, assistant

ir^ the survey of the county, for thirty feet over an exposed layer of

shale.

This field is commended to the attention of local geologists as well

worthy of careful exploration. Such an exploration is almost sure to be

rewarded by the discovery of new species of fossils.

The exposures of the slates along the course of Paint Greek are" unsur-

passed. The whole series, except fifty or sixty feet of the lowermost

beds, is shown in two nearly vertical sections—the first one occurring at

the well-known locality, Copperas Mountain, and the second at the

equally well-known but less, accessible locality, the Aluni Cliffs. Cop-

peras Mountain is situated three miles east of Bainbridge. The Alum
Cliffs are five miles due west of Chillicothe. .

Paint Creek washes with, the full force of its current the foot of the

slate hill known as Copperas Mountain, and thus secures a constant ex-

posure of the formation in a nearly vertical wall one hundred and fifty

feet in height. The hill rises to a height of five hundred and fifty feet,

so that the whole thickness of the slates is contained in it, and much be-

sides ; but the Uppermost one hundred and twenty-five feet of the forma-

tion are. not shown as distinctly as the lower portions.

At the Alum Cliffs section, which is the new valley of Paint Creek, to

which reference has already been made, the uppermost beds are shown in

a wall very nearly vertical to an extent at least of one hundred feet.

The Huron shales are here covered by the Waverly shales and the Wa-
verly quarries, and the section is for the most part closed by the Waverly
black slates. The upper beds of the division are shown with great dis-

tinctness within the limits of the city of Chillicothe, and upon all sides

of it.

The concretions by which the Huron shales are every where character-

ized occur mainly in the lowermost one hundred feet. ' Many of them

possess remarkable symmetry. The smaller ones frequently consist of

sulphuret of iron. The larger ones have .either organic or crystalline

nuclei, and in far the larger number of instances the latter.
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3, The Waverly shales of Eoss county require no extended mention.

They do not generally attain to the thickness which this division shows

in Pike county, and on the western side of the county are considerably

reduced. In the city of Chillicothe they measure 83.67 feet in thick-

ness.

They indicate the same general history which the series elsewhere

shows, their surface being covered with sea-weeds, sun-cracks, and rip-

ple-marks. Where exposed on Stony Cfeek, in Franklin township, they

afford the finest series of ripple-marks known in the Third Geological

District. Similar exposures are shown in the same township, on the

line of Indian Creek and its tributaries.

In the report on Pike county a calcareous layer of remarkable com-

pactness and evenness was noted as occurring near the base of the Wa-
verly shales, and its composition, as shown by chemical analysis, was

given. This same layer extends through all of the outcrop of this divi-

sion in Ross county. In the vicinity of Frankfort considerable account

is made of it as a building and nagging stone. Mr. Bergen, who made
the examination of this part of the county, proposes that, it be recog-

nized as the Frankfort flag.

. 4." The Waverly quarry system continues to furnish in its northward

extension a large supply of excellent building stone. The character of

the rock quarries agrees very closely in color, texture, and composition

with the stone derived from the typical exposures; but a,very much
larger proportion of the series in Ross county is valueless than in the

district below. The stone is quite frequently found in a peculiarly

rough and ungainly condition, known among the quarrymen as " turtle-

back," or "nigger-head." In this state it has no possible uses, except as

protection for river banks. In all of the central regions of the county

the division is very much lighter than at Waverly and Jasper, being

frequently found to measure five to ten feet only against thirty feet in

the Pike county quarries'. In Paxton and Buckskin townships there is

a larger amount of stone again, but it is not found in as thick and valu-

able courses as to the southward.

5. Ascending in the scale, we next come to that interesting stratum,

the Waverly black shale. No finer exposures of this are possible than

are furnished in hundreds of sections through all of the central regions

of the county, upon both sides of the Scioto River. The greatest thick-

ness yet observed in this formation is found in Franklin township, near

the mouth of Stony Creek, where it measures not less than twenty-seven

feet. It is charged at this point with its characteristic fossils, IAngula

mdia and Discina, Newberryi, and the remains of fishes, often in an excel-



BOSS COUNTY. 649

lent state of preservation, can hardly be called rare. The teeth and

plates are the parts generally shown. In a small run that crosses the

old Marietta road, three miles above -Chillicothe, interesting ,slabs were

found.

This slate contains sulphuret of iron in considerable quantity, and the

water that.descends through it is, consequently, charged with the prod-

ucts of the decomposition ofsthis substance. Sulphur springs often

mark its outcrops. A spring of this kind, quite well known in the

north-eastern quarter of the county, finds its way through the slate on

the north side of Sugar-Loaf Mountain, near. the south line of Green

township. The slates have a thickness of twenty feet at this point, and

are overlain by a heavy and interesting section of the upper Waverly.

6. This last named division, the upper Waverly, including every

thing in the series above the Waverly black slate and below the Carbon-

iferous series, remains to be briefly characterized. It constitutes a valu-

able element in the county geological scale, absolutely and relatively

more valuable than the same member in Pike count}''. The extreme

thickness of this division does not exceed four hundred and twenty-five

feet in any single section. A greater thickness of these -beds may, per-

haps, bo found in the north-eastern corner of the county, where the series

is certainly quite different from that observed in the south-eastern sec-

tion. In Liberty and in Jefferson townships the upper beds of the Wa-
verly are reduced in thickness, and the place is supplied by a heavy de-

posit of Carboniferous conglomerate, as in the adjacent districts of Pike

and Jackson counties. Single sections of considerable extent and in-

terest are found in Mount Logan, opposite Chillicothe; in Sugar-Loaf

Mountain, three miles above; in Rattlesnake Knob, Liberty township;

and also in the highest points of Huntington and Franklin townships.

But few points in the composition of the series-demand consideration

here. Its economical value, to which reference has already been made,

lies principally in the fine development of the Buena Vista courses in

the south-eastern portion of the county, and especially in Franklin and

Jefferson townships. A great amount of most desirable and accessible

building stone is exposed in the first named township, on the western

bank of the Scioto River. The quarries of J. E. Higby are more largely

worked, and therefore more widely known, than any other. They are

located upon the line of the canal, which furnishes convenient and

cheap transportation. As in the Gregg quarry at Waverly, the stone is

all furnished by a single course, eight feet in thickness. The course can

easily be split into two courses of equal thickness. All Of the quarry-

ing has thus far been done along the margins of the hills, where the
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stripping is quite light, and a very large quantity of rock remains within
easy reach.

This bed is very soon lost as it is followed to the other side of the river,

the strong easterly dip carrying it below the surface in three or four

miles from the exposures here named. It agrees in color with the

Waverly brown stone, as well as in geological position. The brown
color of both is due to a change in the oxide of iron which the stone

contains, and it is always limited to a few feet upon the exposed edges

of the quarries.

This course has thus been shown to extend for at least twenty miles

along the Scioto valley, on both sides of the river. A very large amount
of building stone, scarcely surpassed in the State in desirable qualities,

'

is contained in it, which is sure to find its way into the general market.

A single quarry has lately been opened on the demons farm, a mile

above the Higby quarries, and at an horizon higher by ninety feet than
the latter. The quarry shows two courses of the highest degree of ex-

cellence, separated by a ghaly parting of one or two inches. The lower

course is twenty inches thick and the upper one thirty-six inches. It is

not probable that these courses extend as widely as the Gregg or Buena
Yista stone, but few points having been observed at which it was shown.

An interesting section of this portion of the geological series of the

county is shown in the district now under consideration, on the south

bank of Stony Creek, very near its mouth. The uppermost twenty-five

feet of the Waverly shales appear here. Above, them the Waverly
quarry courses, sometimes reduced to two in number, and not exceeding

six feet in thickness, are shown in a nearly vertical wall. The Waverly
stone is of the worthless variety already described. It is overlain by
twenty-seven feet of the Waverly black slate, the heaviest section of

this stratum yet reported in southern Ohio, fifty feet above which come
in the Buena "Vista beds, or the Gregg and Higby quarry stone. Ascend-

ing still another fifty feet, and a Waverly conglomerate is found. This

is one of the very few points on the west side of the Scioto in which
this formation appears. Its outcrop here is within sight of the great

wall of Carboniferous conglomerate on the east side of the river, but it

belongs to an horizon several hundreds of feet lower than that held by
the latter. It is made up entirely of quartz pebbles, some of them hav-

'ing a diameter of four inches'. This stratum is shown at several other

points in the same neighborhood, at least by its waste, but it must be set

down as exceptional rather than as a normal element of the county scale.

It is interesting largely from the fact that, it sedms to constitute the

westernmost extension of the great conglomerate that Prof. Andrews

has described in the region to the north-east of this, i
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The remainder of the series consists, for three hundred feet, of beds of

shale, holding great quantities of flattish concretions, which contain a

clayey center, covered with a thin blossom of iron ore. These concre-

tions vary in size from an inch to a foot in their largest diameter, and are

every where throughout this region characteristic of the Upper Waverly.

Thin courses of a light brown sandstone often find place, but there is

scarcely the possibility of a quarry in this whole interval.

But few fossils are found in all of the series thus far traversed. The
singular form, Spirophyton, is met with quite frequently through several

hundred feet, but it is. only at a height of three hundred and fifty feet

to three hundred and seventy-five feet above the Waverly black slate

that a stratum comes in that may be called highly fossiliferous.

It is shown in very many sections in the county, but the best exposure

of it yet noted occurs on the south side of Sugar Loaf Mountain, about

one hundred feet below the summit. An opening has-been made here

for a quarry. Attention was first called to this point by Mr. J. H. Poe,

of Chillicothe. The usual line of Waverly fossils is to be seen here.

—

remains of crinoids, bryozoans, and bivalve shells.

The uppermost seventy-five feet of Mt. Logan, and*also of Rattlesnake

Knob, show the same stratum, as do also all the high lands in the north-

eastern corner of the county, especially in. Colerain township. It will

also be remembered that the high ground of Pike county shows,' in many
places, this same fossiliferous formation.

Comparatively little valuable quarry stone is found above the Buena

Vista beds, but there is hardly any part of the county that does not

possess a fair neighborhood supply within easy reach.

The geological scale of the county has now been briefly reviewed, as

far at least as its bedded rocks are concerned, and the chief points of

interest in it have been touched upon. Its Drift formations must be

discussed with equal brevity. _ •

II. DRIFT DEPOSITS.

The Drift deposits of Ross county are much more interesting and im-

portant than are those of Pike county, or of any of the districts to the

southward. A principal point of interest is found in the fact that the
' boundary which separates the regions, every part of which has been

covered by the Drift formation, from those in which the high lands, at

least, were never occupied by the glacial sheet, passes through the

northern and central townships of the county. In other words, a part

of the county agrees in its later geological history with the northern

part of the State and of the continent, while the larger portion takes its
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place with the region? to the southward over which the northern ice

never advanced. This boundary is perfectly distinct in several town-

ships, while in others it is less sharply defined.

Beginning on the eastern side of the county, it passes through the

northern half of Colerain township in a south-westerly direction, not far

south of the line of the Adelphi and Chillicothe pike. It leaves almost

all,of Green township to the northward. West of the river it coincides, in

a general way, with the Chillicothe and Greenfield pike, passing, how-

ever, two or three miles below it on the west.side of Buckskin township.

There are, within the area to the northward, ' and especially along its

more southerly extension, occasional summits that stood above the gla-

ciers, but the clay and bowlders that mark the Drift overlie all of the

ordinary high land of the country, as is well shown along the road

above named in the vicinity of Lattaville.

This boundary is shown with great distinctness in Colerain township.

A very instructive view can be obtained by following the eastern road

leading from Mooresville to Adelphi. Ascending a branch of Walnut

Creek, the native rocks are shown in more or less extensive sections on

every hand, and the soils are seen by all of their characteristics to have

been formed, where they now lie, by the weathering and disintegration

of these rocks. The banks of the stream approach each other more and

more closely, until at last the road is shut within a narrow valley, above

which rise, on either side, steep hills of sandstone and shale. The gorge

proves to be a pass, and after a rapid ascent, an open country is reached

which differs, in a very marked degree, from that left behind. A broad

valley, filled with gravel and clay, andv dotted with bowlders, is found at

a high level; the native rocks are so well covered that no clue to their

composition is furnished, and rounded outlines prevail in all of the

scenery, instead of the angular contour observed before. The gravel and

clay contain a considerable quantity of limestond pebbles and -bowlders,

and thus the land comes to be known as limestone land. Its natural

vegetation and its agricultural capacities are as sharply distingushed

from those of the lands on the other sides of the hills as is the scenery.

A great improvement is at once visible in the farm buildings, the quality

of which is, in a general way, determined by the degree of fertility of

the soil. On looking back, after passing a mile or two to the northward,

the explanation comes clearly to view. The Drift-storm was stopped by

this range of hills, against the northern slopes of which these heavy

beds of clay and gravel are piled. In other words, these hills form in

their sinuous outlines the boundaries of the true glacial Drift. Sugar

Loaf Mountain, already referred to in another connection, forms the
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westernmost extension of this series of hills on the east side of the river,

and bowlders are found half way up its northern slope.

The country north of this boundary has suffered a much greater abra-

sion and waste than that which lies south of it, and it is fair to refer the

difference in this respect to the great difference in the later geological

history of the two sections respectively. It certainly could not be with-

out result that a slowly moving mountain of ice should advance over the

face of a country composed of soft sandstones and softer shales.

A new valley of Paint Creek, lying a few miles to the west of Chilli-

cothe, has been once or twice alluded to in the course of the preceding

pages. The origin of this new valley is unmistakably connected with

the Drift history of the county, and it is proper to treat of it at more

Length under this head.

The chief topographical features of the State, as is well known, are to

be referred to periods long antecedent to the Drift. There is the best of

reason for believing that Ohio was raised above the seas many millions

of years ago. During all of the interval that has passed, it has been

slowly acquiring its surface relief, under the atmosph'eric agencies to

which it has been subjected. Cases are, however, sometimes met in

which the old channels of drainage were so blocked by accumulations of

drift, that the streams, on resuming their course after the height of the

Glacial period had passed, found it easier to work out new channels than

to clear the old ones. These new valleys agree in being narrow, in being

shut in with precipitous walls of, rock, and in being free from Drift de-

posits. Several instances of this sort have been given in the reports of

the Survey, but the present case is by far the most striking yet found in

the Third Geological District,

The Hillsborough and Chillicothe turnpike, which enters the county at

the south-western corner, extends through the broad and fruitful valley

of Paint Creek, which here has a north-easterly direction. The valley

is perfectly defined by ranges of hills, about five hundred feet in height,

on either side. The northern wall is broken for the passage-of several

tributaries, as'Buckskin Creek, Upper and Lower Twin Crdeks, etc., but

the continupus outline of the southern wall is scarcely interrupted. The
turnpike crosses the creek three miles below Bainbridge, and thencefor-

ward for ten miles the stream is never out of sight upon the right hand.

All at once, however, arid, as if by magic, it has disappeared. The turn-

pike still holds the valley, the boundaries of which are just as distinct

as before. There is certainly no conspicuous notch in the southern wall

r
through which one could guess that a stream, of such volume could have
found its way. By following the stream, however, instead of the valley

)
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we learn the following surprising facts : The creek at the point above

named, and at a comparatively recent date, left the broad valley which it

had been working out for itself through unnumbered thousands of years,

and turned sharply to the southward, flowing now in a narrow channel

often not more than two hundred feet in width at the base, bottomed

with rock, and bounded by precipitous cliffs not less than three hundred
feet in height. After following a south-east course for three miles, it

turns again to the north-east, and regains its old valley two miles west of

the south line of Chillicothe.

The new channel, then, is about five miles in length, has an average

width at base of about three hundred feet, is entirely free from Drift de-

posits, and is bedded and bounded by rock. As has been already said,

the old channel is unmistakably distinct. The turnpike above named
follows the old valley to the crossing of the North Pork of Paint Creek,

and from that point the last named stream occupies the old valley alone

for three miles, when the main stream returns from its detour to its

former bounds. In other words, the former junction of the North Fork
and the main creek was at the point where the turnpike now crosses the

North .Fork.
'

To the questions, when and how was this important change in the"

drainage of the county effected, it is easy to return a probable answer.

The old valley of Paint Creek, from Bainbridge to the crossing of the

North Fork, above named, has a general course of 40° north of east. The
valley of the North Fork, on the' other hand, has a general direction of

25° south of east. They meet, therefore, at an angle of about 65°. The
valley of the North Fork, bearing to the south-east, was in the general

line of advance of the glaciers that covered this portion of Ohio, as is

amply proved by the direction of the strise and grooves which are still

left upon the surfaces of the harder rocks over which these glaciers

slowly traveled. The valley must then have been occupied by one of

the southernmost prolongations of the continental glacier under which

'all- of the northern portions of the State were buried. On the other

hand, the north-easterly direction of the valley of main Paint Creek ren-

ders it impossible that it could have been thus occupied. When now
the rigors of the long winter of the Glacial Drift began to be relaxed,

and the swollen drainage of the country sought once more its former out-

lets, Paint Creek, both from its freedom from glacier occupation and from

its more southern location, would first become filled with water. The
ice-wall of the North Fork glacier must, however, have shut out the

stream from its old channel, and, as a consequence, the waters would

have set back from- the western bank of the North Fork in a lake, the
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level of which would be sure to rise until they found an outlet. The

heavy Drift terraces, not less than one hundred feet in thickness, that

occupy this portion of the old valley, and which furnish in their broad

and fertile plains some of the most attractive as well as the most product-

ive farms of the county, are to be referred to this lake for their origin.

It is not necessary to suppose that the water, before finding its way
southward, was raised to the height of the hills that bound the valley.

It is altogether reasonable to suppose that it availed itself of one of the

low divides, so many of which are now found in this part of the county,

and which are so generally used for the roads that lead from one valley

to another. A small stream probably flowed into Paint Creek from the

southward along 'the line of the new valley, the source of which was

separated by a low summit from another tributary of the main creek

that flowed, eastward—also by the line of the new valley. A stream that

now enters the new valley at its southernmost point, from Huntington

township, is probably the remnant of this last tributary. If once the

level of the waters were raised above the height of this dividing ridge,

the remaining work of excavation would be easy to follow.

The preceding discussion may seem, at first sight, to the general reader

who has never given much thought to the solution of geological prob-

lems, to be venturesome and unwarranted speculation, but, it is believed

that it will commend itself to every one who gives it a candid and com-

petent consideration, as not only a valid, but a highly probable explana-

tion of the remarkable facts with which it deals.

IV. The soils of Ross county agree with those of Pike county, as far at

least as the latter go. All of the varieties of native soils described as

occurring in the last named county are also found in Ross, and possess"

the same general characteristics, but, in addition, there are large areas in

Ross county, as has already been shown, covered with the deposits of the

glacial and modified Drift. These areas furnish far more varied and more

fruitful soils than the native rocks afford from the products of their dis-

integration "and decay. The lands referred to in this general division in

Ross county take their place among the best lands of Ohio. Its .valleys,

too, are unsurpassed. The general characteristics of the Scioto valley

have been already given. The valley of Paint Creek is inferior in area

alone to that of the river.

There are no peculiarities in the water-supply of Ross county. The

same facts obtain in its different districts that have been described in

the preceding section. Wells dug in the Drift beds of its northern town-

ships very frequently disclose buried vegetation. The occurrence of wood,

leaves, and an ancient soil has been shown in.previous reports to be fre-
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quent in those parts of south-western Ohio that hold the southern edges

,
of the true Drift. Ross County is no exception to this statement, but it

must be added that there have nowhere within its limits been found such

districts as those around Marshall and New Market, Highland county, in

which almost every well strikes into buried vegetation.

V. DIP OF THE STRATA.

In concluding the discussion of this general area, a few facts will be

given touching the dip of the strata that have now been described. The
appended map, which takes in Highland, Pike, and Ross counties, fur-

nishes the necessary data for determining approximately the amount and

general direction of the inclination of the bedded rocks that underlie

j this district. ^The following points are used in this determination:

Near the village of Samantha, five miles north of Hillsborough, the

westernmost outlier of the Huron shales, or great black slate, is found.

The line of junction between the limestones and the shales is perfectly

distinct, and its altitude above tide-water has been ascertained. This

point constitutes an initial station, and dotted lines are drawn from it

to various localities, the altitudes of which above the sea are also known,

where the same geological boundary is shown, or where other horizons

that stand in. a known relation to this one are to be seen. We find thus _

five main lines along which the dip can be calculated, ranging from east

32° north to east 40-° south.

The first of these lines is drawn from the initial station to a point in

Ross county nearly opposite to Greenfield, a distance of fourteen and

three-eighths miles. Its course is east 32° north. The fall of the lime-

stone surface in that direction and that distance is two hundred and

eight feet, which indicates an average dip of fourteen and a half feet to

the mile. ,

The next line extends from Samantha to Chillicothe, a distance of

thirty-three and three-fourths miles, in a direction 9° north of east. The

junction of the limestone and shales has now been carried below the sur-

face, but as the average thickness of the slates is known, it is possible to

make the
s
ir upper surface a basis for calculation. Allowing three hun-

dred feet for the average thickness of this formation, the descent of the

limestone in these thirty-three and three-fourths miles is found to be

eight hundred and eighteen feet, or an average dip in this direction of

twenty-four and one-half feet to the mile. Assuming the maximum
thickness obtained from the shales, viz., three hundred and thirty-two

feet, the dip would be increased by onefoot—giving as the result twenty-

five and one-half feet to the mile.
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No advantageous station has been found in a due east and west line,

but some approximate calculations on such a line gave about the same

figures as the last line yielded. .

•

The next line extends from Samantha to Piketon, in a direction 22°

south of east. Still another line is seen bearing east 26° south, and ter-

minating at Jasper. These lines run so near together that they give sub-

stantially the same results. The first one yields a dip of twenty-six feet,

and the second of twenty-five and one-half feet to the mile, assuming, as

before, the total thickness of the Huron shales to be three hundred feet.

If this element is increased to its maximum, the dip will be increased by

one foot in each instance.

Finally, a line is drawn from the initial station to Byington, passing

through Slate Knob, in Highland county. Prom Samantha to Slate

Knob the face of the limestone descends at an average of sixteen feet to

the mile, while from the latter point to Byington the descent is more

than twice as rapid, being not less than thirty-four- feet to the mile. For

the whole distance the average fall is twenty-four feet.

Various other combinations will be suggested to those who take an in-

terest in such questions.

The facts enumerated above can be shown, perhaps, more clearly in

tabulated statements.

The dip in a direction

East 32° north, for a distance of 14f miles, is 14* feet to the mile.

East 9° north, it
33| ' 24* to 25* feet to the mile

East 22° south, a
36| ' 26 to 27 (( It

East 26° south, u 34* ' ' 25* to 26*
a a

East 40° south, a
12* ' 16 it ic

East 40° south,
a

. 9| '
1 34 a a

East 39° south,
a 21| ' ' 24 a , a

The following points will be noted

:

1. The dip of the rocks is to the south of east. The greatest dip found

along the main lines above given is in a direction 22° south of east, and

is twenty-six to twenty-seven feet to the mile. There is some reason for

believing that a line 17° or 18° south .of east would be a nearer approxi-

mation to the line of greatest dip; but in default of other figures, the

direction and amount given in this paragraph may be taken as the best

statement that there is warrant for making at present.

2. There is great regularity in the inclination of the strata in this

district. West of the Highland county line the amount is considerably

less than to the eastward. The most signal deviation from the general

42
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figures is found in the south-western corner of Pike county, where the

dip rises for a few miles as high as thirty-four feet to the mile. It will

be remembered that a remarkable fault exists to the southward of this

immediate locality, and it is quite possible that the local increase in dip

here mentioned is connected with this fault in origin.
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CHAPTER LIX.

REPORT ON THE GEOLOGY OP GREENE COUNTY.

Greene county is founded on the north by Clarke, on the east by Madi-

son and Payette, on the south by Clinton and Warren, and on the west

by Montgomery county.

I. TOPOGRAPHY.

The principal features in its topography are the valleys of the Little

Miami River and of Beaver Creek. Caesar's Creek also forms a consider-

able depression in the south-eastern townships of the county. To these

three valleys all of the drainage of the county is directed, with the ex-

ception of a single township in the north-western corner, which lies

within the valley of Mad River.

Contrary to what might be expected, the valley of Beaver Creek is a

much broader and deeper trough than that of the Little Miami. The

drainage effected by it is, however, insignificant in amount when com-

pared with that accomplished by the river. Beaver Creek is a small and

sluggish stream, that is almost lost in a wide and fruitful valley. No
one can fail to recognize the disproportion that exists between the pres-

ent stream and the valley which contains it. The truth is, Beaver val-

ley was never excavated by Beaver Creek. It is the deserted channel of

an old river that must have had greater volume and force than the Little

Miami has to-day. Nor are we left in doubt as to the general course and

connections of the river that did this work. The Valley of Beaver Creek

connects upon the north with the valley of Mad River. Whether the

water of the head springs of Beaver Creek shall be delivered to the Lit-

tle Miami or to Mad River, can be determined by the digging of a ditch,

or even by the turning of a furrow. A protracted and expensive law

suit has lately been decided in the courts of Greene county, iri which the

only question at issue was to which stream the head springs of Beaver

naturally belong. It can, then, be asserted with all confidence that' the

valley of Beaver Creek is but an extension of the valley of Mad River,

and was occupied by that stream at no very remote period. An examin-

ation of the geological map of Greene county which accompanies this
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report, and upon which the alluvial valleys of the county are also indi-

cated, serves to bring out this point very distinctly.

It will be remembered that in the report upon Clarke county an older

valley of the Great Miami River is shown to exist, connecting its present

valley with that of Mad River. In other words, the junction of these

streams was effected below Springfield, instead of taking place at Dayton,

as at present. And thus it seems probable that the valley now under

consideration, viz., the valley of Beaver Creek, was formerly occupied by
the waters of the Great Miami after they had been re-enforced by the

whole volume of Mad River. With such an origin, the present dimen-

sions of the valley are easy to be understood.

The valley of the Little Miami, in Greene county, consists of two well-

marked portions, the lowermost of which has been cut out of the shales

and limestone of the Cincinnati series, while in the upper portion the

river has. been obliged to hew its way through the massive courses of the

cliff limestone. The lower valley is, therefore, deep and capacious, while

the upper part consists of a narrow gorge, bounded by precipitous walls.

The first of the above-named divisions constitutes one of the most valu-

ble tracts of the county, in an agricultural point of view ; the second has

no such economical applications, aside from the water-power which the

river here furnishes in large amount, but which has not yet been utilized

to any great degree. Indeed, it returns but little in dollars and cents,

but it furnishes the most picturesque and attractive scenery not only of

the county but of all the region around. There is but one point in all

south-western Ohio where more striking scenery is shown than that fur-

nished by the gorge of the Little Miami between Grinnell's Mills and

Clifton. The limestone is cut down to a depth of from sixty to eighty

feet, while the valley never exceeds a few hundred feet in breadth ; and

at Clifton it is contracted to a score or two of feet, being sometimes actu-

ally four times as deep as it is wide. The geological elements that are

shown in the valley will be treated of in the succeeding pages of this re-

port, and the influence of each upon the proportions which it assumes

will be duly considered.

Several of the more prominent tributaries of the river exhibit features

quite similar to those last described. The valley of Massie's Creek, below

Cedarville, presents scenery almost as striking as that furnished by the

Little Miami at Clifton. Clark's Run, near the south line of Miami
township, shows another of these deep gorges, while the beautiful glen

Yellow Springs, which has had precisely such an origin, is known to

thousands of people in south-western Ohio.

Caesar's Creek flows in a much shallower trough than any of those
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already described. Its upper reaches occupy slight depressions in the

Drift beds that coyer so deep the eastern side of the county, and while

at the western margin of the cliff limestone it is bedded in rock, it has

wrought out no deep channel for itself.

Aside from these principal depressions the general surface of the county

is a plain, having an average elevation above the sea of one thousand feet.

Throughout the six eastern townships, and in Miami township on the

north, the surface is quite uniform—one hundred feet, or one hundred'

and fifty feet at most, comprising the extreme range of variation in level.

The remainder of the county lies, it is true, at a somewhat lower average

elevation, but there are insulated summits all through it holding the

general level above given.

By reference to the appended geological map it will be seen that these

divisions agree exactly with the great geological divisions of the county,

its northern and eastern portions being underlain with the Upper Silu-

rian, or cliff limestones; while from the western half, though originally

present, this formation has been carried away by long-continued erosion,

only insulated patches of it now remaining to attest its former extent.

It is to be remarked that the occasional summits, already spoken of, in

the western half of the county, that are one thousand feet or more above

the sea, are in all cases these outliers cf cliff limestone, to which atten-

tion is now called.

By the removal of the protecting sheet of the cliff limstone, the softer

beds of the Cincinnati series have been uncovered, and the wear and
waste in them have been much more rapid than in the higher rocks.

The deposits of the Drift have been spread over all of the county, re-

ducing the asperities of the surface and hiding many ancient channels,

but after all only modifying and not essentially changing the great fea-

tures determined by the underlying geological structure. So that here,

as in other counties reported upon, a geological map becomes in great

degree a topographical map, the areas of the cliff limestone comprising

those districts of the county that have an elevation of a thousand or

more feet above tide water, while all other areas belong to the Lower
Silurian, or Cincinnati series.

The lowest lanfl of the county is found on its southern boundary, in

the valley of the Little Miami, and ranges between two hundred and
seventy-five feet and three hundred feet above low water at Cincinnati,

or between seven hundred feet and seven hundred and twenty-five feet

above the sea. The highest land is found in Cedarville and Miami town-

ships, along the water-sheds between the Little Miami and Massie's

Creek, and the Little Miami and Mad Rivet respectively. It may be



662 GEOLOGY OF OHIO.

safely estimated to be not less than six hundred and fifty feet above

Cincinnati, or eleven hundred feet above the sea. There is but little

difference in the elevations of these dividing ridges. The summits of

each consist of stratified beds of sand and gravel belonging to the

•latest stage of the Drift period. The highest elevation held by the

bedded rock is probably in Miami township, to the north and north-west

of Yellow Springs. •

The elevations of a few of the principal points in the county are here

appended, almost all of which were determined for the Survey by Frank-

lin C. Hill, Esq., of Yellow Springs. All are counted above low water at

Cincinnati

:

Feet.

Xenia, grade of railroad at depot 491

Yellow Springs, grade of railroad at depot 541

Osborne, " " '...?. 410

Spring Valley, " " 333

Claysville, " " 321

Harbine's Station, " " 370

Oldtown, " " 396

Goe's Station,
" "

.
427

Berryhill's''Hill, Spring Valley township (outlier of cliff limestone) 560

Shoup's quarry, two miles south-west of Harbine's (outlier of cliff lime-

stone) 519

Gravel bank, Yellow Springs, about 625

Railroad grade, one. mtile north of Yellow Springs (north line of county),

about .' 600

Cedarville (railroad grade), about : 550

Low water at Cincinnati is four hundred and thirty-two feet above the

sea.' By adding, therefore, four hundred and thirty-two feet to each of

these elevations, the level above the sea is obtained.

II. GEOLOGICAL SERIES.

The geological scale of Greene county is identical with that of Mont-

gomery and Clarke counties, already reported upon. Its rock formations

are confined to two great series, viz., those of Upper and Lower Silurian

age; and between them the surface of the county is almost equally di-

vided, as is shown on the appended map.

A vertical section of the rocks of the county would be found to contain

the following elements

:

3. Niagara Group.

2. Clinton Limestone.

1. Cincinnati Series, Lebanon division.

The lowest division has an aggregate thickness of two hundred and

fifty feet, the middle ' division of fifty feet, and the uppermost of one
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hundred and twenty-five feet, making the total section of the rocks of

the county four hundred and twenty-five feet.

The best general section for the study of the strata of the county—and

there is no better one for the same geological elements in the State—is

found in the valley of the Little Miami River and. its tributaries, between

Goe's Station and Yellow Springs. At the first named point, Goe's Sta-

tion, the Little Miami is bedded in the limestones and shales of the Cin-

cinnati series. Fifty feet, at least, of this formation are here shown on

the western side of the valley. The Xenia turnpike, the Little Miami

Railroad, and the race for the Powder Mills have all required rock-cut-

tings. The streams, also, that descend from the uplands have their

channels' in the rock, so that the constitution and contents of the beds

can be fully studied. The fossils of this portion of the series abound in

these outcrops and sections. Among them are to be named Rhynchonella

capax, Trematospira modesta, Orthis occidentalis (upper. variety), Stropho-

mena planwnbona, and several of the corals.

The termination of the Cincinnati series is very distinctly shown in

the ravine to the south of Mr. Goe's residence. This may, indeed, be

considered a typical locality, for it is from this very point that the phe-

nomena of the line of junction between the Lower and Upper Silurian

formations have, in part, been described. Between the fossiliferous beds

of the Cincinnati group and the overlying Clinton limestone there oc-

,

cur twenty to thirty feet of fine-grained shales in color, light blue or.,

red, and destitute of fossils. . Occupying as do these shales the place held

by the Medina group to the eastward and northward, it has been sug-

gested that they are a representative of that period. They are pot,

however, found at all sections of this horizon, the Clinton sometimes

resting directly upon the fossiliferous beds of the Cincinnati series.

A fine display of the Clinton limestone is shown in the wall of rock

that immediately overhangs the shales above described. The same lime-

stone occurs in bold cliffs along the river valley, near Grinnell's Mill.

From this last named point the section is prolonged by the Yellow

Springs branch, which shows, in the course of two miles, at least one

hundred feet of rock. The artificial sections of the Yellow Springs

quarries are now reached, which constitute, on the whole, the best point

in the' county at which to study the Niagara series.

There are other fine natural sections of the rocks of the county, but

the, one now described may be taken as a fair sample of them all.

The separate elements in the geological scale above given will now be

briefly treated.

1. The uppermost two hundred and fifty feet, or thereabouts, of the
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Lebanon division of the Cincinnati series underlie the western half of

Greene county. This area comprises the more eroded portions of the

county, as has been already stated, and, lying at a low level, is so heavily

covered with the deposits of the modified Drift that the rocks are, for the

most part, concealed. .There are, however, numerous exposures of the

series, especially in Spring Valley and Sugar Creek townships, in which

all of its characteristics, both as to order of stratification and fossil con-

tents, can be seen and studied to excellent advantage. One. hundred

feet are shown in the valley of Bear Branch, a small tributary of the

Little Miami, which enters the valley opposite Claysville. There is no

point in the State where finer specimens of some of the common fossils

of the formation have been found than here. Among them may be

named Ambonychia radiata, Orthis sinuata, Leptaena sericea, Rhyhchonella

capax, Isotelus megistos. Representatives of at least thirty species of fos-

sils can be obtained from the section here shown.

The line„of junction between the Lower and Upper Silurian forma-

tions is shown as distinctly in Greene county as in any section of the

State. One of the favorable points for studying it has already been

named, but others almost equally satisfactory are furnished in the neigh-

borhoods of Franklin Berryhill and Thomas J. Brown, of Spring Valley

township, on Caesar's Creek where it is crossed by the Wilmington and

Xenia Turnpike, and in the vicinity of Reed's Hill, in Bath township.

As elsewhere in south-western Ohio, this horizon is maiktd by copious

springs, to which attention will be more particularly called in the sub-

sequent pages of this report.

The same general order of facts described as occurring in the section

at Goe's Station will be found at each of the localities here named.

The Cincinnati series in Greene county furnishes a small amount of

building stone of fair quality, and this is, at present, its only economical

application. .

'
•

2. The Clinton limestone comes next in order, and its exposures in

Greene county leave nothing to be desired. The fine- displays of it along

the Little Miami valley, from Goe's Station to Yellow Springs, have

already been noted. In addition to the section near Mr. Goe's residence,

the stratum can be seen to excellent advantage on the farms of Mrs. Bell,

Messrs. J. II. Little, P. Grinnell, A. V. Sizer, and Wm. C. Neff, and in the

cuttings for the Grinnell pike at the Little Miami bridge, and near the

house of Dunmore McGwin. In Xenia township it is well shown in the

banks of Oldtown Run and Massie's Creek, and also near the head springs

of Ludlow Creek, on the farms of James Collins and others. In Bath

township, however, there-are miles of outcrops in which the whole forma-
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tion is displayed with the greatest possible distinctness. Reed's Hill

mayjbe specially named in this connection. It is a promontory of cliff

limestone overlooking the broad and fruitful valleys of Mad River, Bea

•ver Creek, already described, and the Great Miami
,
valley. From its

summit one of the most extensive and beautiful landscapes of south-

western Ohio is shown. As is indicated upon the map, the Clinton

formation is seldom found, except as a narrow margin to the Niagara

group, by which it is overlain. There are, however, a few outliers in the

south-western part of the county from which the Niagara rocks have

been entirely removed, and where the Clinton has thus been left to form

the surface for two or three square miles.

The Clinton limestone at all these points, as elsewhere, is mainly a

semi -crystalline, crinojdal limestone. In its bedding it is uneven and

interrupted, occurring in lenticular masses. A course can seldom be fol-

lowed for twenty feet. Within this distance it is almost sure' to termin-

ate in a feather edge. In composition the limestone is quite Uniform,

consisting of about 85 per cent, of carbonate of lime a'nd 12 per cent, of

carbonate of magnesia. Even the lowermost layers, which are distinctly

sandy in texture, and which are locally known as sandstone, do not devi-

ate from this general formula. A notable percentage of peroxide of iron

is of very frequent occurrence in the limestone, giving to it a deep red

color. . This is the nearest approach to the famous Clinton ore -which the

formation shows in Greene county. Just south of the county line, on

Todd's Fork, near -Wilmington, a 'considerable deposit of this peculiar

and valuable limestone ore is found, and occasional outcrops of it are

found all the way to the Ohio River, the most important, thus far noted,

occurring near the north line of Adams county, in the vicinity of Sink-

ing Springs. It will be remembered that this same stratum rises into

immense economical importance as the Dye-stone ore of Eastern Tennes-

see and northern Alabama. The more common colors of the formation

in Greene county are, however, light gray, yellow, and pinkish, the latter

tint . being specially characteristic. Its crystalline character is so well

developed that much of the formation can be counted a true marble. It

is susceptible of a high polish, and when some of the red varieties of

the stratum a*e selected, it makes a highly ornamental stone, the sec-

tions of the white crinoidal stems giving a beautiful relief to the darker

ground. It will, however, be seen from the facts already stated that the

limestone can have no great value for any such application on account

of its lenticular bedding.

The base of the Clinton limestone, or rather the summit of the Cincin-

nati group, is a. notable water-bearer, as is shown by the fine line of
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springs that issue from this horizon wherever the drainage aJlows. It

has already been remarked that the lower beds of the Clinton are sandy

in texture. At many points they are extremely friable, and are, conse-

quently, very easily removed by the underground streams that are flow-

ing at this level, and, as a consequence, small caves frequently occur at

the base of the series. In other cases sink-holes are found, which are

due to the same general cause. By the solution of the rocks along the

lines of the divisional planes or joints that traverse them, free way is

opened from the surface to the water-bearing shales of the Cincinnati

group, and streams of small volume sometimes drop suddenly to this

horizon to emerge again along the outcrops of theformation, perhaps at

a distance of miles even from the point of descent. One of the best

known of these sink-holes is found very near the intersection of the

Xenia and Fairfield Pike with the Dayton and Yellow Springs Pike.

The stream that here drops from the light of day to these subterranean

recesses comes out again a mile or more to the southward, re-enforced,

doubtless, by others that have shared a like fate, as the head spring of

Ludlow Creek—one of the finest fountains of the county. These sink-

holes have been sometimes deserted by the water-courses that have

helped to fashion them, in which cases they have frequently been con-

strued, in the neighborhoods in which they occur, as abandoned " lead

mines."
.
Some portions of the county are full of circumstantial, tradi-^

tions of lead veins being worked by. the Indians here. It is scarcely

necessary to say that the civilized occupants of Greene county know a

vast deal more of its geological structure and mineral resources than any

•of their uncivilized predecessors have done. There is not a shadow of

reason for believing in the existence of metallic veins of any sort within

Its area.

The limestone terminates at its upper limit variously. The most

•characteristic mode is in a foot or two of very fine-grained, light-blue

-clay or marlite. This, it will be remembered, is the usual mode in Mont-

gomery county, where the horizon is found to be one of great palseon-

tological interest. In Greene county, however, when the marlite occurs

it is. sometimes destitute of fossils. It can be seen at the base of McDon-

ald's quarry, south of Xenia, and at a few points along the Grinnell

pike, near Yellow Springs.

When the blue clay is not shown there is no change in the composi-

tion of the limestone for its uppermost ten or fifteen feet, but there is

always a very marked transition in passing to the lowest beds of the

-Niagara group. •
,

The uses of the Clinton limestone are much less important now than
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they were in the earlier history of the county. It serves a very fair pur-

pose as a building stone, but occurring, as it so generally does, in clbse

proximity to the Niagara series, which yields some of the finest building

rock of Ohio, it comes to be but little thought of when quarries of the

latter are made accessible. In earlier times, however, the higher degree

of accessibility of the Clinton beds caused them to be largely drawn upon.

In like manner the manufacture of quick-lime from the Clinton forma-

tion has been wholly abandoned. For many years the outcrops of this

stratum on Heed's Hill supplied the Mad River valley and the western

side of the county quite largely with lime. Lime was also burned .from

this horizon in Xenia township twenty years ago. It has, however,

been fully established that in the manufacture of quick-lime none of the

numerous varieties of calcareous rocks in south-western Ohio can enter

into successful competition with the Ouelph or Cedarville beds of the

Niagara series, where the latter occur. The economy with which lime

can be produced from this formation, and the manifest and decided supe-

riority of the product, have ruled out all other sources.

In the vertical scale of the rocks of the county a thickness of fifty feet

was assigned to the Clinton limestone. This measure is to be obtained

in the first section described, namely, that from Goe's Station to Yellow

Springs. It is, however, to be remarked that it is an exceptional thick-

ness, and that the formation rapidly thins out to the southward, being

reduced in Spring Valley township to less than half this measurement.

, 3. The last element in the geological scale of the county is now
reached, viz., the Niagara series. It takes precedence among the forma-

tions of the county on several grounds. It occupies a. somewhat greater

area than the Cincinnati group, and it impresses much more distinct

features upon the district in which it occurs than does the latter,forma-

tion. Several of the more noticeable facts in the topography of the

county are referable, as has been already intimated, to the presence and

characteristics of the cliff limestone, of which the Niagara is the leading

element. Its outcrop is a rocky wall, very often uncovered, and gener-

ally reached by quite an abrupt ascent at least one hundred feet above

the level of the adjacent county. The picturesque gorges of the Little

Miami and its tributaries are due to the order of stratification of the

Niagara beds, and to the same order must be referred the water-supply of

a considerable part of the county. The building stone and quick-lime of

the county are almost wholly obtained from the Niagara beds; and, in ad-

dition to these home supplies, large amounts of each are exported to sur-

rounding cities and towns.

The divisions of. the Niagara group are well marked, and several of the
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individual members outrank in importance the last formation treated.

A tabular view of these subdivisions is here appended :

Subdivisions of the Niagara Gkoup.

Feet.

5. Guelph or Cedarville beds 0-45

4. Springfield beds , 30

3. West Union beds 10

2. Niagara shale 30

1. Dayton stone \ , 0-10

Total 125

The separate elements will be briefly noticed.

(a.) The Dayton limestone, which forms,, wherever it occurs, the very

base of the Niagara system, is an exceptional formation. It occupies

isolated areas through three or four counties of the Third Geological Dis-

trict. Its place in the series throughout the district generally and the

country at large is occupied with widely different kinds of deposits.

The typical locality, as the name of the formation denotes, is Dayton,

Montgomery county. For a detailed description of the formation, the

reader is referred to the Report of the Survey for 186&.

The Dayton stone is found in great excellence and in considerable

quantity in Greene county. Beginning on the western border, we find

it capping the outlier of cliff limestone that lies south-west of Harbine's

Station, in Beaver Creek township. Owing, however, to the greater ac-

cessibility of contiguous deposits—especially those of the Dayton dis-

trict—these beds have been but little developed. Neighborhood supplies

have been drawn for a long time from the farms of Moses Shoup, Archi-

bald Huston, and others ; but within the last two or three years larger

quantities have been taken out and distributed from Harbine's Station,

by the Dayton and Xenia Railroad. The stone, as here found, has all the

characteristic excellence of the formation in thickness, homogeneity, du-

rability, and color ; but its value is somewhat reduced by the abundant

. crystals of sulphide of iron (known by the quarrymen as sulphur), which
weather on exposure, and disfigure the surface by dark-brown stains.

The area underlain is considerable, and every foot of the deposit is sure to

come into demand with the increasing age and resources of the surround-

ing country.

The next outcrop of it is found on the farm of Mr. James Collins,

Xenia township; but though the stone is unmistakable here in its gen-

eral character, it is much reduced in thickness and, consequently, in

value, and evidently marks the limit of the deposit in this direction. A
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mile or two beyond, to the east and north, the horizon of the Dayton

stone is shown in many exposures with perfect distinctness ; but its

place is occupied by light-blue shale, or soapstone, as it is popularly

called, and a worthless shaly limestone, yellow in color, and generally

covered with fucoidal impressions, which are frequently rendered green

by the presence of silicate of iron. This phase is well shown on the

Grinnell pike, opposite the farm of Mr. A. V. Sizer, a mile below Yellow

Springs.

By far the best -known deposit of the Dayton stone in the county, how-

ever, is found on the McDonald farm, three and a half miles south of

Xenia. The rock was originally exposed here along a tributary of

Caesar's Creek. When the quarries were first opened, but a light covering

of glacial Drift, or bowlder clay, was found; but as the lines have been

extended, the stripping has become heavier. The surface of the rock

has been planed andpolished by glacier agency. From four to eight feet

of workable rock are here found, divided into courses varying from four

to twenty inches in thickness. The stone finds market in Xenia, being

quite widely distributed from that point by railroad.

The composition of the stone from the McDonald quarry is seen in the

following analysis, made by Prof. Wormley: •

Carbonate of lime 84.50

Carbonate of magnesia ...: , 11.16

Alumina and iron .-. 2.00

Silicious 2.20

99.86

(6.) The Niagara shale directly overlies the Dayton stone where the

latter stratum is found, and the Clinton formation, in case the Dayton

stone is wanting. It is a normal constituent of the general geological

scale of the country. Eighty-five feet of it are found at the Falls of Ni-

agara, and along the Appalachain Chain it is thickened to one thousand

five hundred feet. Its maximum development in Greene county can be

seen in the "Glen" at Yellow Springs, on the land of W. C. Neff, Esq.,

and at the locality already noted, in the cutting for the Grinnell pike,

opposite the old water-cure gounds. It here attains a thickness of thirty

feet. This member of the series increases rapidly as it is followed south-

ward through the State, measuring in Adams county one hundred and

six feet. >

In composition it is not perfectly uniform, the two elements that enter

into it being found in varying proportions in different sections. These two

elements have been already named—a light-blue calcareous shale, and
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thin-bedded, yellowish shaly limestone. The shale is much the more

constant and abundant of the two, the limestone layers coming in* as a

rule near the bottom of the series, at the same horizon where the Dayton

stone is foundwhen it occurs. In other words, the Dayton stone, in excep-

tional instances, replaces these shaly layers. The last named phase of

the formation is shown very distinctly in the section on the Grinnell

pike. The composition of the shale proper is shown by the following

analysis, made by Prof. Wormley

:

Carbonate of lime 34.40

Carbonate of magnesia 30.87

Silicate of lime 8.48

Alumina and iron 8.40

Silica „ 12.21

Water, combined '. 5.40

f

99.78

There are occasionally found in the shale numerous crystals and nod-

ules of sulphuret of iron. In some of the sections shown in the Glen at

Yellow Springs such nodules abound. They are often construed by the

ignorant as indicating mineral treasures in the rocks which are here

shown. A pit near the mouth of the Cascade Branch, six feet in diam-

eter, and certainly more than twenty feet in depth, walled with timber,

and now partly filled with rubbish, "the origin of which is unknown to

the oldest inhabitants, seems to show that such deceitful expectations

were awakened in the minds of the earlier occupants of the country.

Such unsuccessful experiments serve to show that our predecessors knew

less than we now know of the contents of the strata, rather than more,

as the credulous sometimes believe. The excavation was- carried down
into the Clinton limestone, the whole thickness of which might have

been seen and studied by passing down the valley for half a mile.

The surface of the Niagara shale is a very important water-bearer for

this whole region, giving rise to a line of strong springs along its out-

crops, and supplying the largest number of the drilled wells of the table-

land. More extended mention will be made of this subject in a subse-

quent part of this report.

(c.) The' next element in ascending order is the formation termed

in the report on Highland county the West Union Gliff. This stratum

would certainly not be erected into a separate division from any facts in

its occurrence in this part of. the State ; but in Adams county it attains

a thickness of ninety feet, and constitutes, in several of the southern

counties, a very marked and important element in the Niagara series.

In Greene county, as in Clarke, it does not exceed eight feet in thick-
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ness, and the principal interest in its existence here is a stratigraphical

interest, viz., in the recognition of the constancy of the elements found

in the expanded sections to the southward.

It is to be identified principally by its containing a fossil known as an

elongated form of Atrypa reticularis. On the ground of its occurrence in

Ohio strata, a distinct designation ought certainly to be given to this

form, for it is never found above the horizon of the West Union cliff.

The stratum is cliffy in its structure, generally showing but few lines of

bedding, and weathering.in a rough and ungainly form. The " Cascade" at

Yellow Springs reveals this formation, the water of the stream being pre-

cipitated over it, while it in turn overhangs the easily eroded shales of

the underlying division. The same elements—geological and physical

—

occur here that are to be found 'at the Falls of Niagara ; and more truly

than most waterfalls, the humble cataract here mentioned can be termed

a miniature Niagara^

This element is also to be noted in Cedarville township, on the south-

ern line.

(d.) ^The fourth element is economically more important than any
yet mentioned in the geology of the county. It is the division from

which the building stone of the county is largely supplied. The Dayton

stone, on account of its high degree of excellence as a cutting stone, com-

mands too high a price for all common uses, and finds its market, not in

the country districts, but in the cities and larger towns of the State, and

evejn of adjoining States.' The new Chamber of Commerce in Chicago is

built in part of Dayton stone. For all ordinary uses the stratum now
under consideration is the principal dependence. In the report on

Clarke county it received the designation of the Springfield stone, and by
this name it will here be recognized. It furnishes all the building rock

raised at Springfield, but does not, perhaps, make the most characteristic

formation shown there, as the cap rock from which the well-known

Springfield lime is so extensively burned, belongs to a different division,

viz., the Cedarville, or Guelph beds. The reasons for this nomenclature

were given in the report on Clarke county, and need not be repeated

here.

The Springfield stone has a broad outcrop in Miami and Cedarville

townships. It is much more largely quarried at Yellow Springs than at

any other point in the county, but on Massie's Creek and its tributaries

west of Cedarville it is also quite extensively worked, and the aggregate

product of neighborhood quarries is also large. A description of this

stratum at any one point applies very well to all other exposures. In

the section at Yellow Springs twenty-four feet of rock are found that are
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referred to this division, though not more than twelve feet are ordi-

narily worked. At Holcomb's quarries, below Springfield, thirteen feet

are shown in a full section of the series.

The courses vary in thickness from four to fourteen inches. Those

which are most valued for building stone generally range between these '

extremes. Several of^he courses answer a fair purpose for cutting stone.

The same qualified commendation can be given to them for flagging.

In neither of these respects has there been, as yet, sufficient inducement

to fully develop the capabilities of the beds. But for general masonry

they leave little to be desired. Easily raised and dressed, of convenient

thickness and of ample surface, they are not surpassed by any stone in

the State in economy of use.

In color they are either blue or drab. The blue courses frequently

weather to drab on their exposed edges, but it is by no means certain

that the drab beds have all been derived from the blue by this process of

weathering. Slight differences in chemical constitution would serve to

explain these differences in color.

In what has been said of the value of these beds for building stone, it

has been, of course, implied that they are durable. Durability cannot,

however, be asserted of all the courses without exception. As in Clarke

county, the blue beds sometimes prove treacherous, and this important

question for each particular course can only be determined by a practical

test. The firm and massive appearance of the stone when raised from

the quarry furnishes no safe guide in judging of its power to withstand

atmospheric agencies. By far the largest portion of the stratum, how-

ever, has- great excellence in this respect. The drab courses are, almost

< without exception, entirely, satisfactory.

The composition of the Springfield stone has been incidentally alluded

to. A sample of the blue rock taken from the quarries of W. Sroufe, Esq.,

of Yellow Springs, gave the following result. (Wbrmley.)

Carbonate of lime 51.10

Carbonate of magnesia. ; 41.12

Sand and silica 5.40

Alumina, with trace of iron , 1.40

99.02

A magnesian limestone of Prance, cited by Vicat as furnishing an ex-

cellent hydraulic lime, was, by chance, noticed to have an almost identical

composition. Experiments were instituted with reference to hydraulic

properties in the stone now under consideration, and it was found to

have great energy as a cement. It can ' scarcely be doubted that these

home supplies will come to be utilized at no distant day. Attention is
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called to the fact that Greene county possesses an ample supply of

hydraulic limestone fully equal in quality to the cement which serves a

district of France most satisfactorily. The great obstacle to the intro-

duction of a new cement lies in the fact that masons, after becoming used

to one particular product, are very loth to adopt the changes in practice

which a new article renders necessary. The product here furnished is a

hydraulic lime, and not a hydraulic cement.

The silicious concretions and nodules often replacing fossils,^and the

silicious layers which are so abundant in the quarries of Clarke county,,

are almost entirely wanting here.

Shaly partings are occasionally found between the courses. At a depth

of eight or ten feet below the surface of the stratum, a layer of shale;

several inches thick, occurs, which, from its impervious nature, becomes

an important water-bearer. .

There is not the same paucity of fossils in this, stratum which marks
the Dayton stone or the Niagara shale, but compared with the limestones

of the Clinton and Cincinnati groups, and also with the overlying division,

it may yet be said to be poor in this respect. The most striking forms

by far that it contains are the casts of the monstrous brachiopod shell,

Pentamerus oblongus, which sometimes completely cover the surface of the

layers. This interesting and characteristic fossil begins its great devel-

opment in the rocks of the Mississippi valley at this particular horizon.

At the east it characterizes the Clinton group, but it has never yet been

found in the Clinton limestone of Ohio. A single overgrown specimen

was obtained from the bottom of the Niagara series by the late Col. Greer,

of Dayton, and a few specimens have been found' in the West Union
eliff of Adams county, but throughout the periods represented by this

and the succeeding formation it had a wonderful expansion, literally

paving the ancient sea-floor for hundreds of square miles through un-

eounted centuries. It often constitutes the substance of the rock for

eight or ten feet in thickness. No more perfect internal cast's of this

shell seem possible than the quarries of W. Sroufe, Esq., of Yellow Springs,

have furnished.

A few other brachiopod shells are occasionally met with in this division.

Among them may be named Pentamerus ventrieosus, Orthis biforata, Atrypa

reticularis (shorter form), and Merktella Maria. None of these, however,

are confined to this division. The Niagara trilobite, Calymene Blumen-

hachii, var. Niagarensis, is also of frequent occurrence.

(e.) Overlying the Springfield stone, there is found in southern Ohio the

representative of a formation the place of which was a subject of much
discussion in the earlier days of American geology. The discussion hae

' 43



674 GEOLOGY OF OHIO.

terminated in its being assigned, without dissent, to the Niagara series.

It forms the crowning member of this series in the northern and western

portions of its widely extended field. It has received the names of vari-

ous localities where it is distinctly shown, being styled the Guelph forma-

tion in Canada, the Racine beds, or Milwaukee beds, in Wisconsin, and
the Bridgeport beds in northern Illinois. In southern Ohio no local

name can be selected so appropriate and free from, ambiguity as the

Cedarville limestone, constituting, as it does, the only member of the

Niagara series shown in the extensive quarries opened at this village.

There is not, however, as great a thickness of the limestone shown at

Cedarville as at Yellow Springs. The exposure of the Niagara rocks at

this last named place has been repeatedly referred to, and now, since all

the elements that enter into it have been given, a somewhat more
detailed account will be supplied. It is decidely the best section of the

Niagara series shown in Greene county, and is but little inferior to the

section at Holcomb's lime-kilns, below Springfield.

The Clinton limestone follows up the Yellow Springs Branch to a point

nearly opposite the extensive quarries of "W. Sroufe,, Esq. Starting from

this well-settled base, eighty-four feet of the Niagara rocks are traversed

in a very steep ascent. The uppermost thirty feet are shown in the

quarries before referred to ; the lowermost thirty feet are well shown in

the adjacent banks of the Cascade Branch. Exposures of the intervening

beds are not wanting in the immediate vicinity. The, thickness here

given is thus divided

:

Cedarville beds 22 feet.

Springfield stone 24 "

West Union cliff , 8 "

Niagara shales s SO "

Total ; 84 "

The twenty-two feet of the upper division are further re-enforced in the

higher ground adjoining the ravine. It gains ten feet,. at least, in the

land immediately to the westward, and may be safely taken as not far

below forty feet in its total thickness here.

The identification of this stratum has been made complete by the dis-

covery of a considerable number of fossils in it that are peculiar to the

above named horizon. A list of a dozen or more of these forms common
to the Guelph and the Cedarville beds is given in the reports of Highland

and Clarke counties. Of these the most prominent and characteristic

are two great shells, the enormous and somewhat abnormal brachiopod

Trirnerella, and a lamellibranch shell of even greater bulk, Megalomua

Canadensis. Trirnerella is represented in these beds not only by the
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Species grandis (Billings), but also by the still larger form, Ohioensis

(Meek). It cannot, however, be said that either of these forms is abun-
dant in Greene county, but their presence has been proved by a few
specimens from both the Yellow Springs and Cedarville quarries.

The lithological characteristics of the formation in Greene county are

quite marked. The lowermost ten or twelve feet consist of a massive
rock almost destitute of the appearance of planes of stratification. When
raised by blasting it comes out in large and ungainly fragments. In
color it is a very light gray, and the numerous cavities, large and smalL
which are found in it, are all studded with minute crystals of lime. It

• is crowded with casts of fossils of all the groups represented in the forma-

tion, but often the forms have been rendered obscure by partial' solution,

and nothing remains but a confused mass of the firmer parts of the
structures. Nothing can exceed the beauty which fresh surfaces of the

rock sometimes disclose, the faces of the fossils being frosted with crys-

tals. The heavy bed of Pentamerm oblongus referred to in the preceding
section is found in this part of the series.

The most interesting series of fossils thus far obtained from any one
locality was furnished by the quarry of Mr. John prr, of Cedarville.

Several specimens were yielded at this point which have been found
nowhere else in Ohio.

The upper portions consist of a very thin-bedded and fragile limestone,
often sandy in texture, and either light gray in color or yellowish. The
latter is the 'predominant tint at Yellow Springs, the former at Clifton,

while both appear at Cedarville.. This portion is no less fos'siliferoUi

than the lower part, and both contain the same forms, though the pro-

portions in which the separate fossils occur vary somewhat in the two
divisions.

In composition, the whole formation is very nearly a typical dolomite.

A few analyses are appended to show its constitution along the line of its

outcrop, the range represented covering at least one hundred and fifty

miles. The analyses were all made for the Survey by Dr. Wbrmley.
No.-l. Bierley's quarry, Greenville, Darke county.

" 2. Dugan's " Sidney, Shelby county.

" 3. Holcomb's " Springfield, Clarke county,

" 4. Sroufe's " Yellow Springs, Greene county.

" 5. Trimble's, " Hillsborough, Highland county.

1. 2. 8. 4. 5.

Carbonate of lime 44.60 65.00 55.10 54.75 54.25'

Carbonate of magnesia 50.11 42.92 43.05 42.23 43.23

Alumina and iron...; 1.60 1,.70 ' 2.00 1.80

Silicious matter t. /
460

trace. 0.10 0.40 0.40

99.31 99.52 99.95 99.83 99.68
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But a single economical application is made of the Cedarville lime-

stone. The facts already stated show how poorly adapted it is for use as

a building stone, but as a source of quick-lime this stratum is without a

rival in the markets of south-western Ohio. This subject has already

been discussed at considerable length in the report on Clarke county. It

was there shown that the Cedarville stone is to be equally commended for

this use by the economy with which it can be manufactured, and by the

great excellence in every respect of the product which it furnishes.

Lime is now burned in quantity at but two points in Greene county,

viz., Yellow Springs and Cedarville ; but equal advantages in every par-

ticular, except the all-important one of transportation, are furnished at

many other points, and especially at and below Clifton, on the Little

Miami River. The business at the two points named has attained quite

important proportions, and is the source of a considerable income to the

county. A few of the details are here appended.

At Ceda'rville lime is now burned by the five following firms : Wesley

Iliff, Satterfield and Son, Shrads and Gibney, Orr and Son, D. S. Ervin.

These parties are named according to the order in which they took up

the business. Wesley Iliff has been engaged in burning lime at this

point for thirty years. All of the firms but one use old-fashioned kilns,

viz., those in which fifteen hundred to two thousand bushels of lime are

burned at one time, the kiln being allowed to cool before it is emptied

•and re-filled. To carry on the business in a large way, each firm requires

two or more such kilns, so that while one is burning lime can be drawn

from another.

Mr. D. S. Ervin alone employs patent draw-kilns. The comparison of

the two modes of burning was made at length in the report on Clarke

county. (Geology ©f Ohio, Vol. I., p. 475.) No reason is seen for modify-

ing the opinions there expressed.

The production for the year 1874 ranges as follows: D. S. Ervin, two

hundred and eighty car loads, or eighty-five thousand bushels ; Wesley

Iliff, one hundred and thirty car loads, or forty thousand bushels ; Shrads

and Gibney, one hundred and thirty car loads, or forty thousand bushels

;

Orr and Son, seventy-five car loads, or twenty-three thousand bushels;

Satterfield and Son, forty car loads, or twelve thousand bushels.

The average cost of wood is three dollars per cord, and one cord is used

in the burning of fifty bushels of lime in the old pattern of kilns. In

the patent kilns, Mr. Ervin reports sixty-six bushels to one cord of wood.

The.lime finds market mainly along the line of the Little Miami Railroad.

The price for 1874 has been fifty-five dollars per car load, or eighteen and



GREENE COUNTY. < 677

i

one-third cents per bushel. When retailed at the kilns, it is sold for

twenty-five cents per bushel.

The Cedarville lime has the reputation of being "cooler" than the

-limes with which it comes into competition ; that is, it does not give out

as much heat in slaking, and slakes with more difficulty, or at least with

less rapidity. Whatever differences of this sort exist must be referred

to its physical state rather than to its chemical constitution, as it agrees

in this respect perfectly with the Yellow Springs, Springfield, and Sidney

limes.

At Yellow Springs the business of lime-burning is extensively carried

on by W. Sroufe, Esq. Mr. Sroufe has not yet introduced patent draw-

kilns, but is making preparations to do so. He gives the amount of lime

produced at his kilns during 1874 as thirty thousand bushels. The cost

of wood averages three dollars and twenty-five cents • per cord, and one

cord, as at Oedarville, is required for the burning of fifty bushels of lime.

The lime is sold at fifty-five dollars per car load, as is that manufactured

at Cedarville.

The Yellow Springs quarries reach down to the building-stone courses

that underlie the lime-producing stratum. Mr. Sroufe reports the sale of

five hundred perches of building stone during 1874. The average price

of building stone is one dollar and seventy-five cents per perch. No

courses well adapted to cutting have yet been worked here.

The Cedarville beds impress a peculiar appearance on the valleys in

which sections of them are disclosed. They generally appear in a smooth,

vertical wall, bluish-white in color, and overhanging the even courses of

the Springfield stone.' The latter are more easily eroded than the cap-

rock, by reason of the shaly partings found between them. It therefore

results that when a stream has once cut its way through the cap-rock the

gorge becomes fully as wide, or even wider, at the bottom than at the top,

as is the case M Clifton. As the .work of erosion advances, large masses

of the cliff are left unsupported, and are at last precipitated into the ravine;

as is shown so abundantly in the valley of the Miami between Clifton

and Grinnell's Mill. The present state of the valley at Clifton shows

very clearly the manner in which the whole work has been accomplished.

We can be certain that the valley has been growing through the illim-

itable past by the same stages that we can mark so clearly at the present

day.

The springs that issue from the Niagara series are very important and

serviceable, but attention will be called at this place to but a single point

in connection with them, viz., the heavy deposits of travertine which

some of them have made and are still making. The great fountain from



678 GEOLOGY OF OHIO.

which the village of Yellow Springs derives its name will be treated by
itself, but all along the gorges in the Niagara limestone voluminous

springs are issuing, which are making extensive calcareous deposits,

sometimes in dome-shaped stalagmitic masses under the dripping of the

springs, but more frequently mingled with the earthy and organic prod-

ucts over and among which the waters flow in short slopes to the valley.

The vegetable, and sometimes the animal, matters that the water meets

with are often incrusted by the travertine, and are then said in popular

language to be petrified. A specimen submitted to analyses gave the

following result (Wormley)

:

Carbonate of lime 96.70

Carbonate of magnesia 3.73

Alumina and iron 0.50

99.93

Another specimen examined shows the following composition (Mees)

:

Carbonate of lime : 97.60

Carbonate of- magnesia 1.21

Silicious matter 0.60

99.41

In this connection the very interesting fact is to be noted, that while

the rocks from which the springs issue are dolomitic, containing nearly as

much carbonate of magnesia as carbonate of lime, the travertine is almost

purely calcareous. It therefore appears that in magnesian 'limestones

permeated by atmospheric waters the proportions qf magnesia must be

constantly, though of course very slowly, increasing. The varying pro-

portions of carbonate of magnesia in the limestones of the Cedarville

division may be, in part, accounted for in this way. By reference to the

table of analyses on page 675, it will be seen that this substance in one

instance makes fifty per cent, of the entire weight of the rock. A greater

exposure than ordinary to carbonated waters would serve to explain this

increased proportion. It may be added that the location of the quarry

from which the stone yielding this result was obtained, in the flat-lying

tract of Darke county, would seem to indicate the long-continued pres-

ence of such carbonated water. .
,"

Further : as far as the explanation above given applies, it ought to be

found that the more highly magnesian the limestone the less should be

its specific gravity. A few facts under this head are here given. The

determinations of specific gravity were furnished by Prof. Mendenhall, of

the Ohio Agricultural and Mechanical College. The comparison is not
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limited to the different representatives of the Cedarville division, but

various limestones of the' State are included.

Locality. Geological horizon.
Percentage of

carbonate
of magnesia.

Specific

gravity.

Greenville, Darke county Top of Guelph, or Cedarville 50

43

42

12

30?

5

2.452

2.605

Greenfield, Highland county 2.648

2.664

2.664

2:700

- —

I

' r

III. DBIFT.

The Drift of Greene county agrees so closely in all particulars with

that of the adjacent ceunties, already reported upon, that no extended

description will be given in this place. All of the distinguishing fea-

tures of this most interesting but perplexing formation are here shown

with great distinctness. In. other words, the materials for a perfect

theory of the Drift are found spread over the rocky floor of Greene

county.

1. In the first place, the face of the Niagara limestone has been uni-

versally planed and polished by glacier agency. It does not, it is true,

show the marks of this agency every where, for. the upper beds of the

limestone have often been partially dissolved by the action of atmos-

pheric waters infiltrating through the Drift beds ; but wherever the sur-

face has not been thus affected it exhibits the glaciated markings now
under consideration. These markings have been noted in every section

of the county in which the cliff limestone is exposed; but they are

shown most plainly in the uncovered surfaces of the Yellow Springs

quarry and of McDonald's quarry. The grooves and striae have a direc-

tion in most instances of ten to fifteen degrees west of north. In the

Yellow Springs quarry their line of direction cuts the line of direction

of the Glen, which is immediately adjoining, at an angle of about twenty

degrees, showing that even such deep furrows as this had no influence in

changing the course of the abrading ice-sheet.

2. Over the polished surface of the rocks, as well as over those more

extensive arenas where the rocks retain no .markings of this kind, lies,

in deposits of varying thickness, a covering of bowlder clay. This is an
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unstratified mass, thickly set with pebbles and bowlders of small size,

many of which have rubbed or striated faces, like that of the rock on

which they rest. In its original ,state it is a very compact formation, as-

is shown in the deeper sections of it ; but where the deposit is shallow it

has been considerably transformed by atmospheric agencies. The par-

tial or complete, solution of the limestone pebbles that make so prom-

inent an element in it renders the whole bed more porous and permeable

than the unaltered deposits are. With this transformation of texture a

change of color is also connected, the lower oxides of iron in the bowlder

clay being converted into peroxides by the presence of air and water,

and the bed becoming a yellow clay instead of blue clay.

The unaltered blue clay is often struck in wells, and is also shown in

the banks of streams where the weathered materials are removed as fast

as formed. „•

As elsewhere, seams of sand and gravel are intermingled with the

bowlder clay. .

3. A third phase of the Drift formations is also abundantly shown in

Greene county, in the beds of clean sand and gravel, which occur every

where throughout its area, and especially on the highest lands of the

county. These beds are distinctly stratified, oftentimes with conspicuous

lines of false or uneven bedding, differing in composition from the bowl-

der clay in this respect, viz., that they contain water-washed instead of

striated pebbles, and that they present unmistakable indications of hav-

ing been sifted and arranged under water. Examples of these high-

level grades can be seen at various points, but at none more clearly than

in Miami township; as, for example, at the Yellow Springs gravel bank,

at the banks of W. C. Neff, Daniel Jobe, and J. H. Little; and also in the

Hamma neighborhood, along the Yellow Springs and Fairfield pike. All

of these points belong to the high grounds of the county, and some of

them constitute its summit levels. From some peculiarities in its struc-

tnre, the Yellows Springs bank deserves a somewhat more extended

notice.

It is located to the south of the village, about half\ a mile from the

railroad track. It rises forty feet in height above a very flat-lying area,

and thus makes a conspicuous feature in the topography. Its summit is

not far from ten hundred and sixty feet above the sea. It embraces an

area of somewhat more than two acres. It is composed of sand and

gravel, with considerable quantities of clay, the three orders of materials

being, however, quite well separated from each other. Some bowlders

are met with, the largest one now .exposed measuring , seven feet in

length. Like almost all of the largest sized bowlders of southern Ohio,
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this one is composed of gneiss, conspicuously banded with rose-colored

felspar.

The peculiarity "of this gravel bank consists, however, in none of the

facts already stated, but in the order of arrangement of the materials,

which are aggregated in all sorts of irregular masses, while the bed-lines

of the sand and gravel are curiously twisted and contorted, their section

sometimes showing them to accomplish two-thirds of the circumference of

a circle. The only satisfactory explanation of these facts would seem to

be found in the deposit of these materials from melting ice. An iceberg

breaking loose from the northern water-shed of the State, and loaded

with glacial detritus, if stranded and slowly melted here, might account

for these peculiarities of structure.

As to several of the other deposits referred to above, it is impossible for

any one to examine them without feeling certain that they were sorted

and sifted and arranged under water, and that their presence where, we
find them now is proof conclusive of" the submergence of the country, at

least to the elevations which they mark. The bank belonging to Daniel

Jobe, Esq., and located near the intersection of the' Grinnell pike with

the Clifton and Oldtown pike, may be taken as a good representative of

this class.

These high-level or bank gravels of the county furnish an inexhaust-

ible supply of excellent materials for road-making; and, under the wise

State legislation of the last ten years upon this subject, the county may
be said to have been lifted out of the mud. This work of improvement

is sure to go on with the increasing wealth of the country, until every

public road is changed from a bed of miry clay—which, in its natural

state, it becomes for about one-third of the year—into a solid and civil-

ized highway all the year through.

The bottom lands of the county, in its western and south-western por-

tions, are considerable. They do not, however, demand extended treat-

ment here, agreeing as they do exactly with the similar areas already re-

ported upon. They consist of first and second bottoms chiefly, the third

terrace that appears in the lower reaches of the streams being either

wanting or but indirectly shown here.

IV. SOILS.

A brief discussion of the soils of the county will here find place.

(a.) Origin. The soils of Greene county may be said to be derived

from the Drift. There are small tracts, it is true, scattered through the

eounty in which the bedded rock has lately formed the surface, and by
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its weathering has given rise to the thin stratum of soil that now covers

it. Examples of this sort may be seen on Reed's Hill, in Bath township,

where the weathering of the Clinton limestone has furnished a very pro-

ductive but shallow soil to quite a number of acres. Along the boun-

dary of the Lower and Upper Silurian formations, again, little patches

of these native soils are to be seen, as at Goe's Station, in Miami town*

ship, and on the farms of Franklin Berryhill and Thomas J. Brown, of

Sugar Creek township ; but the aggregate of all such cases is insignifi-

cant, and the statement that the soil of the county is derived from the

Drift scarcely requires qualification.

There is a very important sense, however, in which the soils of Greene

County may be said to be native soils. Naked beds of bowlder clay are

no more soil than are raw shales or'quarry spalls. All can be converted

into soils by sufficient exposure to atmospheric influences. In point of

fact, the shales that constitute so large a part of some Ohio formations,

and notably of the Cincinnati series, are converted into soils far more
rapidly than the bowlder clay. The soils of the county, then, have been
formed where we find them by the same slow processes that are required

to transform a stratum of limestone rock into soil. It is principally by
the process that is termed " weathering " that the stubborn and imper-

vious clays of the unaltered Drift are changed into the porous, light, and
permeable layer that we call soil. The action of the, atmosphere can be

easily traced in such cases. There are always present in our Drift claya,

grains, pebbles, and bowlders of limestone. In southern and central

Ohio they constitute by far the largest proportion of the rocky fragments

of the Drift beds. But limestone is soluble in rain and surface water.

These fragments, then, both small and great, are slowly dissolved, their

lime being carried away in drainage water, while the. sand and clay and
iron which made a part of their substance are left to contribute to the

soil. Similar changes go on in other substances in the Drift bed, and
the results of all are to open these stubborn clays to air and water, tip

change their color, to alter their texture, and thus, also, to alter their

specific gravity. The incorporation of vegetable matter with the forming

soil goes on through all the stages of its growth. Until the proportion

of such matter reaches at least 5 per cent, of the whole mass, the clay ia

scarcely to be called a soil.

But in the final stages of its preparation, to another division of the

living creation a very important office is assigned, one, however, which
is seldom estimated according to its real value. The insect kingdom,
beetles, ants, earth-worms, etc., bring up from below the surface, for very

different objects in the econmyof their several existences, particles of
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Band, clay, and vegetable mold. The whole substance of the soil is

honey-combed by their agencies and rendered vastly more permeable to

air and water. To them, indeed, the fineness and homogeneity of the sur-

face are largely due. Whoever thinks this agency an insignificant one
has but to examine carefully the surface of any square rod of ground in

early summer to be convinced of his mistake. Such an examination
will show to any one who has eyes to see that an enormous amount of

mechanical labor, most useful in its results to man, is being performed by
these despised insects. The porosity of the ground, which is partly due
to these agencies, is illustrated in the well known fact that the earth

taken out from an excavation will never fill the space from which it has
been removed. But the porosity that nature gives to soils is not pro-

duced in a day. It is the result of these seemingly insignificant agencies

extended through periods of time sufficiently long.

This stratum of soil, thus prepared, is the sole dependence of the brick-
,

kilns which are possible in almost every square mile of the surface of

the county, and from it brick of excellent quality are cheaply produced.

Mention has thus far been made of the formation of soils from the

bowlder clay alone,.but processes precisely similar to those already de-

scribed, only far more rapid in their action, are going on in the beds of

modified or stratified Drift which make so important an element in the

, surface of the county. The opening of every gravel bank shows these

processes with the greatest distinctness. The solution of the limestone

pebbles has been carried on for one or two feet below the surface until

most of them have entirely disappeared, the only pebbles that remain
being the hard and stubborn greenstones and granites of northern origin.

Vegetable mold has been mingled with these weathering products to

the same depth to which the solution has advanced, and thus the

boundary line between the soil and what it covers is marked by color as

well as texture. The incipient stages of the solution of limestone peb-

bles can be seen below this boundary in the softened and corroded sur-

faces which they show, but the mass below is, after all, a gravel bank
and not soil.

(6.) Varieties. The soils of the county may be divided into the follow-

ing classes, which will be readily recognized by those familiar with the

area under consideration

:

1. The valley soils, consisting prinoipally of the first and second bot-

tom lands. .

2. The soils formed from the high level gravels.

3. The yellow and white clays, the common upland soils of the county.

4. The black uplands or blue grass land, most largely shown in Rosa,
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New Jasper, Silver Creek, and Jefferson townships. Each of these divi-

sions will be briefly considered.

1. The soils of the first division are principally confined to the main
valleys of the county, viz., to the Little Miami, Mad River, and Beaver

valleys, but some of the minor streams have bottom lands of limited ex-

tent.

There is a notable difference in constitution between the first and sec-

ond bottoms, the former being strictly alluvial in character and receiv-

ing fresh accessions of matter with every flood, while the second bottoms

are gravel terraces, the surfaces of which have been transformed into

soils according to the processes despribed above. The latter areas consti-

tute the most attractive, but not, perhaps, the most durable, farming lands

of the county. The Oldtown flats may be taken as one of the very best

examples of this class. We know that portions of this beautiful plain

were the favorite corn-grounds of the Indians before the occupation of the

country by the whites, to say nothing of the still earlier tenure of the

mound-builders, whose works abound in this neighborhood. , Since the

occupation of the country by civilized man, the whole area has been

constantly under the plow. There are large parts of it which .have not

failed for at least fifty consecutive years to produce a crop either of corn

or wheat, without any application of manure or fertilizers. No charge

can be made against this particular area as lacking in durability, for the,

average production is still very good, but other tracts of equal original

fertility show themselves now to be in a state of incipient exhaustion.

It is a disgraceful system of farming that brings lands like these to such

a state within fifty years of the time when they were covered with pri-

meval forests.

The first bottoms are sometimes so largely calcareous as to become par-

tially unfitted to act as soils. Among other defects is this, that they are

unable to .withstand ordinary summer droughts. They are generally

covered, however, with forest trees when in a state of nature, and when
cleared they furnish pasturage for the spring and early summer.

Analyses are furnished of two soils and one subsoil belonging to this

division. It so happens that all of the following examples were derived

from Clarke county:*

Analysis No. 1 is of the Mad River bottoms of John Snyder, Esq., of

Springfield. They were originally covered with the ordinary forest

• It is a matter of regret that the work of the chemist was arrested before he had

completed the analysis of an equally interesting series of specimens from Greene

county, the want of which impairs the 'value of this portion of the report.
,
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growth of the first or lower bottoms. The excessive amount of carbonate

of lime found in them (50.87 per cent.) will be noted. It is almost a

matter of surprise that vegetation of any sort could be borne by such

a mortar bank. The large amount of phosphoric acid will, however, give

them high rank, so far as this priceless element of fertility is concerned,

and the quantity of the alkalies (potash and soda) is also ample for all

demands of vegetation.

Analysis No. 2 is of the Buck Creek bottoms (prairie lands) from the

ame locality. The large proportion of organic matter here (29.34 per

cent.) will attract attention. A soil so loose as this must necessarily be

would hardly enable trees.to stand against our south-west winds, and it

may be that its nakedness is due to such a cause rather than to any

natural want of adaptation to the production of forests. iThe amount of

lime falls considerably below that shown in No. 1, but is still excessive

(35.85 per cent.). The other substances which constitute the fine gold of

every soil, viz., the phosphates, sulphuric acid, the alkalies, are all here

in large amount. The lime present, however, renders the land unfit for

tillage. All crops burn out in the summer months. The application of

this soil to the uplands would carry to them just what they most need.

The lime, in it would make it a full equivalent for shell marl, while the

organic matter, which makes almost one-third of its entire substance,

would wonderfully ameliorate their stubborn texture. There is little

doubt that, load for load, this bottom land would prove, on many areas, a

full equivalent for stable manure.

Analysis No. 3 is of the subsoil of No. 2, taken from a depth of two

feet below the surface. It will be seen that this subsoil has all of the

• characteristics of a model soil. Its only obvious deficiency is in the soluble

forms of the alkalies. Aside from this it would be hard to say what

should be added or what taken away to increase its adaptations to all the

uses of agriculture.

The proportion of carbonate of lime shrinks from more than fifty per

eent. in the soil to four per cent, in the sub-soil. As both soil and sub-soil

are supposed to be derived from the same source, viz., alluvial deposits, it

may be asked how this great disparity is to be accounted for. In reply,

it is suggested that, like many other important facts which at first sight

have no connection with the cause assigned, it will be found traceable to

the clearing of the country. By the clearing of the land, evaporation haB

been greatly promoted along all of the drainage courses, and the streams

now sink to a point never known in the early history of the country. A«
they fall, pools of water, small and great, are left along their courses, which,

when evaporated by a summer's sun, give rise to large amounts of calcare-
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ous travertine, which is deposited as an incrustation on pebbles, bowlders,

shells, and vegetable growths. But since the drainage courses have, all

been opened out, a few hours' rain is often sufficient to produce a flood

which easily sweeps away the light and porous travertine, to re-deposit

It at lower points along the courses of the stream. It must also be added
that the carbonate of lime in the soil is partly due to land shells which
have lived and died upon its surface.

2. The soils formed from the high-level gravels are very closely allied

in origin and character to those found on the gravel terraces or second

bottoms of the rivers. They are not,, however, underlain by as porous a
subsoil as the latter, and therefore prove, as a rule, more retentive and
durable. They are scattered through the highlands of the county in iso-

lated patches, often of small extent. They are as plainly recognized be»

fore the country is cleared as after the soil has been exposed by the plow,

for the natural growth of forest trees which they produce distinguishes

them unmistakably from the colder lands adjoining and surrounding

them. On the, gravel points are found the black walnut, the sugar tree,

the blue ash, the hickory, etc., while the clay lands show little but oaks.

In color they are reddish-brown, verging towards black in many cases.

Under cultivation they are extremely productive, and always constitute

the favorite portions for tillage of every farm on which they occur.

An analyses of one of these gravel point soils is given below (No. 4),

The specimen submitted was taken from the farm of John Howell, Esq.,

in Mad River township, a few miles north of the Greene county line. It

, will be seen that the testimony of chemistry fully accords with that of

experience with reference to these soils. Like analysis No. 3, this soil

might almost be assumed as a model. Its seventy per cent, of silica,,

mixed with nine per cent, of alumina, render it certain that it will work
light, especially when its nine per cent, of organic matter is taken into

account. It contains over three and onchalf per cent, of the alkalies, soda,

and potash, while the supply of phosphoric acid is ample for generous har-

vests. Though derived from the decomposition of limestone pebbles very

largely, butlittle lime remains in its composition (less than four per cent,

of lime and magnesia). This fact seems surprising at the first statement,

but a little reflection shows us that it' is st necessary consequence of the

mode of formation above described! The pebble that is to be turned into

soil consists of carbonates of lime and magnesia in large proportion, and
of sand, clay, iron, etc., in much smaller proportions. But these latter

. substances are all that are turned over to the forming soil, and they are

set free only by the solution and removal of the lime and magnesia. The
percentage given above is more than sufficient, however, for the demands
of vegetation.
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3. The next group to be treated constitute a much larger portion of the

surface than either of the others already described. It comprises the light-

colored clays, whitish or yellow, which make the common upland soils of

the country. Being' generally derived from the bowlder clay, nothing

more needs to be said in regard to their mode of origin, as this topic has

already been considered. They are strong and durable to a high degree,

but under unwise or negligent husbandry they become stubborn arid un-

productive. On the other hand, there are no soils of the State that respond

more kindly to a rational system of tillage. Their great lack is that of

organic matter, which is needed even more to ameliorate their physical

condition than to fcupply plant food. The system of farming, however,

to which these clays are generally subjected robs them as rapidly as pos-

sible of the small amount of vegetable mold with which they are sup-

plied at the outset. > In this way their color is bleached to whitish, from
their usual yellowish tint.

'

The native forest growths of these soils consist largely of oaks of vari-

ous species, among which the white oak largely predominates. It gains

here a magnificent growth, and supplies the country with invaluable re-

sources in the way of staunch timber.

Several analyses are appended of this most important division of the

Soils of central Ohio..

The first of them, No. 5, is of a white clay on an overtaxed and tem-
porarily exhausted farm (McClure farm, Mad River township, Clarke

dpunty). It is to be added that the soil of this area was never equal to

that which immediately surrounds it.

The next analysis, No. 6, shows the composition of the subsoil of these

same white clays, taken at a depth of fifteen to eighteen inches below the

Surface.

In examining these analysis, it will be noticed that the organic matter
in the soil but slightly exceeds that in the subsoil (2.86 per cent, against

8:58, per cent.). It is safe to say that any process which should double the

amount of organic matter in it would increase its productive power in a
high degree. There is no lack of phosphoric acid, of potash, soda, or sul-

phur in either, the vital elements of all soils. On the contrary, the pro-

portions which these substances attain in them would give them place

among the fertile lands of the State. It is to their physical condition,

principally, that their want of fertility must be ascribed. It is certainly

assuring, to find that even the poorest and most stubborn clays of the

State possess untold capacities for the service of man. They hold, how-
ever, these treasures securely looked until a wiser system than ours shall

find the key.
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Attention is called to one or two other points in connection with these

analysis. -

(a.) The marked disparity in the amounts of phosphoric acid which soil

and subsoil respectively contain is doubtless due, in part at least, to the

abstraction of this substance from the surface by the crops that have been
raised here. Of all the constituents of the soil, this certainly is the one

that according to theory should be most reduced by the prevalent system
of tillage. There is still left in the soil a large aggregate of this sub-

stance, it is true, but it is to be remembered that plants can not go on
growinguntil all is removed. To make agriculture profitable, these min-
eral elements of plants must not only be present in the soil, but must be

every where diffused, so that each rootlet of eaeh plant shall be able to

secure its share. It is altogether probable that the change of one-tenth

of one per cent, is enough to make the difference between sterility and
generous harvests.

(b.) The chief notable lack in these analyses is in the soluble forms of

potash and soda, and in carbonate of lime. These are the very sub-

stances that would be furnished by the application of ashes and lime-

waste from the lime-kilns of the country.
,
Ten thousand cords of wbod

are burned every year at Springfield in the manufacture of lime ; but

until within the last two or three years not one bushel in a thousand of

the ashes produced has ever been restored to the land. At. Yellow

Springs and at Clifton—both of which are surrounded with clay soils of

this general description, and where large quantities of lime are annually

burned—the same thing is true, though lime and ashes may be had for

the carting.

Two other analyses are added, in this division, of soils of better grade

than that already reported upon. No. 7 is from the farm of John How-
ell, Esq. (Mad River township, Clarke county), and No. 9 from the land of

John Snyder, Esq., of Springfield. Both of these analyses represent the

average yellow clays of this region. No. 8 represents the composition of

the subsoil of No. 7; but there is some reason to distrust the results

shown in this analysis. In the comparatively large proportion of or-

ganic matter it can hardly represent the average.

v 4. One variety still remains to be described, viz., the soil of the

black uplands of this region, including the upland prairies that are

occasionally met. This soil might with a measure of propriety be dis-

tributed among the two last named divisions, as it has differed in fortune

from one or other of them in but a single particular. By the accidents

of the later geological history of the country, these common deposits of

bowlder clay and stratified sand and gravel have been left generally in
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sloping and easily drained surfaces, but sometimes in flat-lying tracts, of

greater or less extent. To the latter of these areas the black soils are

confined. If the stratified Drift has furnished their origin, they will

agree in character with the soils derived from the limestone gravel, as

represented in analysis No. 4. If formed from the weathering of the

bowlder clay, they prove to be the counterparts of the yellow clays last

described. The difference is shown very plainly in the capabilities of

the two kinds of tracts respectively. Both form blue-grass land, and

furnish the best of pasturage, but only the former can be turned with

profit into corn grounds. These constitute, indeed, the best corn ground

of the county—the river bottoms not being excepted. A considerable

area in the south-eastern part of the county, forming part of a much

broader area which stretches through Madison and Fayette counues,

belongs to this division, and numerous isolated tracts are scattered

throughout the county. Frequently the most stubborn of the white

clays will inclose some central area that lies at a lower level than the

rest, and the drainage of which is consequently obstructed. This central

tract has thus been changed in color from white to black, and has been

charged with vegetable matter enough to ameliorate it for half a century

at least. It rewards abundantly the labors of the husbandman, while

the surrounding lands, that differ from this in no respect but one, viz.,

that their proportion of organic matter is smaller by five to ten per cent.,

are tilled without profit, or even at a loss.

There are no soils in southern Ohio that produce as fine blue grass

—

that great basis of agricultural wealth—as those varieties of the black

lands that have been derived from the limestone gravels.

A single analysis is appended of an upland prairie soil from the farm

of John Howell, Esq., of Clarke county (No. 10). Chemistry shows it to

be extremely well equipped for all the purposes of agriculture—a fact

which has been amply demonstrated by practical tests. It agrees very

closely with analysis No. 4, as will be seen by a comparison of the re-

sults. All that was said of the limestone gravel soil will apply to the

one now under consideration.

These analyses were executed for the Survey by Prof. Wormley. They

are full of scientific interest, and, it is also believed, of practical value.

Some of the inferences fairly deducible from theBe figures have been

made in the foregoing pages, and others will suggest themselves to the

intelligenfreader.

No. 1. Mad Eiver bottoms.

" 2. Buck Creek bottoms.

" 3. Subsoil of No. 2. -

44
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No. 4. Limestone gravel soil.

" 5. White clay—unproductive.

" 6. Subsoil of No. 5.

" 7. Yellow clay, or common upland soil.

" 8. Subsoil 'to No. 7.

" 9. Yellow clay, or common upland soil.

" 10. Upland prairie soil.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

Soluble in hydrochloric acid 60.84 48.91 15.27 13.23 5.20 2.35 6.41 8.51 4.89 13.20

3.53 8.54

0.06
2.43
1.05

0.07
0.13

35.85
0.58

0.10
0.10

3.78 4.05 0.80 0.12 3.16 1.54 1.13 5.18

0.23

1.86

0.90

trace
0.24

50.87

2.39
0.53

0.12

0.06
4.41

1.70

trace
0.37

4.10

0.46

0.06

0.10
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3.48
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0.32
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0.80
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1.66

0.14
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0.30
2.84

0.02

95.61
4.41
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10.76

0.59

0.45
3.00
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60.67

51.19
48.91

84.33
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86.11

13.26
94.54
4.95

97.90
,2.28

93.72
6.84

90.52
8.50

87.07
12.80

99.68 100.10 99.37 99.37 99.47 100.18 100.86 99.02 100.02 99.87

V. WATER-SUPPLY.

Brief mention must be made, in conclusion, of the water-supply of the

county. The subject is one of great scientific and practical interest. It

falls strictly within the purview of Geology, while at the same time it

has most important relations to sanitary science.

Greene county has certainly a fair water-supply. It is not quite equal

in this respect to Madison county, which must be set down as having, on

the whole, the best watered area of the Third Geological District, but,

on the other hand, its natural supply is infinitely better than that of

Clermont, Brown, and Hamilton counties. A larger proportion of the

water used by man and beast is derived from springs and Jhe streams

flowing from them than is usual in this section of the State. The Drift

beds give rise to a part of these natural fountains, but all of these will be

left out ,of present account, and attention will be asked only to the springe

that issue from the bedded rocks.
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There are three prominent horizons of springs in the strata of Greene

county. The lowermost of these marks the junction of the Lower and

Upper Silurian formations. All the conditions that favor the existence

of numerous and generous springs are found here. The Clinton limestone

furnishes a porous and fractured cap of considerable thickness, and the

terminal shales of the Cincinnati group supply the impervious stratum

which must turn the water outwards. It -must also fee remembered that

this horizon is shown only along the sides of valleys which in themselves

tempt the outflow of subterranean water. This whole geological bound-

ary is marked as a water-bearer. The fine spring at Goe's Station, which

has been used as a source of railroad supply, may be taken as a represent-

ative of the class. The head spring of Ludlow Creek, on the line of the

Xenia and Fairfield pike, is another that belongs to this belt. They are

found by hundreds within the county. Occasionally springs issue from

some point in the Clinton formation where its base is not exposed. There

can be no doubt that in many such instances they have the same real

source as those already named; Several fine springs near Grinnell's, Mill

belong to this category.

At a point about seventy-five feet higher in the scale the second of

these water-bearing horizons is found. The summit of the Niagara

shales is here reached, and throughout their whole extent in southern

Ohio they make an important contribution to the natural water-supply.

The springs issuing from this source are confined to two townships in

Greene county, viz., Miami and Cedarville. Here, however, they are

both numerous and important. Characteristic examples of them can be

seen on the "Water-cure grounds at Yellow Springs, now the farm of A. V.

Sizer, Esq., along the gorge of the Little Miami from Grinnell's Mill to

Clifton, and in the valley of Massie's Creek for two miles below Cedar-

ville.

The third and last of these water-bearing beds is found from twenty to

thirty feet above the one last named, in a shaly seam in the Springfield

division of the Niagara series. It is of much less importance than either

of the others in every way. The seam of shale is too thin to make an

effective stop to the descending water. Many fine springs, however,

especially in the vicinity of the village of Yellow Springs, must be re-

ferred to this horizon. The most remarkable of all, that from which the

village of Yellow Springs derives its name, appears to issue from this

level. There is good reason, however, for believing that its source lies

deeper, and that its outlet is obstructed at its true horizon. In other

Words, it is probably derived from the greater belt of shales below. Its

temperature varies but little with the change of seasons, and its volume
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is not affected by drought or flood. Neither of these things could be true

if its underground channel lay as close to the surface as its point of emer-

gence would seem to indicate. According to measurements made twenty

years ago under the direction of Hon. William C. Mills, at that time its

proprietor, its volume of water is one hundred and seven and one-half

gallons per minute. Prom some chemical examinations also made at the

date above given, the statement has been published that the spring "de-

posits bicarbonate of soda, magnesia, and iron, and is charged with car-

bonic acid gas." There are such obvious sins of omission in this state-

ment that it faild to inspire confidence. Its water contains, as will be

seen, i» addition to the usual impurities of limestone springs, a notable

quantity of peroxide of iron. The ochreous travertine deposited by it

has formed a bank in front of its point of issue that may be roughly esti-

mated at seventy-eight thousand cubic yards. This deposit has doubtless

raised the level of the spring to the point were it now appears. Its com-

position is shown in the appended analysis (Mees.)

Carbonate of lime 92.97

" magnesia 2.42

Sesquioxide of iron and alumina S.80

Silicious matter .-..., 80

99.99

A heavy bed of the same ochreous travertine that the spring is now de-

positing, roughly estimated at fifty-five thousand cubic yards, is found two

hundred yards to the north of the present point of outflow, showing that

in the course of its history the spring has been shifted laterally as well as

vertically. The r'aising of the spring vertically must have been a gradual

process, due to the blocking up of the outlet by the slow accumulation of

travertine, but the transfer of its waters to a lower point of the glen must

have been made at once.

Much of the surface of the main bank is covered with red cedar trees,

some of which are at least a century old. From the relation that the parts

so covered bear to the rest of the formation, we can see how insignificant

an item a century is in the ages of its growth.

No clue can be given as to the source of the iron of the spring. There

is certainly no unusual amount of iron ore shown in any of the neighbor-

ing rock sections. Iron occurs quite abundantly in the state of sulphuret

throughout the Niagara shales, but other springs of the region that trav-

erse the same rocks and issue at the same horizon, contain no noticeable

quantity of iron. If the waters of the spring were slowly infiltrated

through some large deposit of ochreous gravel, such as the later stages of

the Drift produced through all of this country, an adequate source for its
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mineral matter would be provided. There is room enough, in the high-

lands to the northward for such deposits, but none can now be pointed

out. If, on the other hand, the deposit is derived from the bedded rocks,

we can be sure that cavernous spaces must be left underground by the

removal of so much material.

So generous a fountain could never fail to attract to itself the human
occupants of the country. Accordingly, we find that the earliest race of

which we. have any traces in the Mississippi valley, viz., the Mound-

Builders, established themselves here. A symmetrical pile of earth and

stone attests their interest and occupancy.*

That the Indians who displaced and succeeded the Mound-Builders set

a high value on the spring, is also amply attested. The spring lies

about equidistant between two famous settlements of the Miamis, viz.,

Oldtown, above Xenia, which' was one of their most valued corn-fields,

and the Mad River, Village, below Springfield, where Tecumseh was

born. The trail connecting these points passed by the spring, and fifty

years ago, according to the testimony of the earlier white settlers, it was

worn as deep as a buffalo path. It passed very near the present site of

Antioch College, and descended into the glen by a break in its rocky

wall, which is still,used for a foot-path.

At a later date this site was selected by the followers of Robert Owen
for their socialistic experiment. A phalanstery was built, the chimney

of which is still standing, but the location was soon abandoned for some

reason, and the organization was transferred to New Harmony, Indiana.

For the last forty years the spring has been the most notable place of

summer resort in south-western Ohio, and justly so, for there is no other

location within this region that unites so many attractions and advan-

tages as this immediate neighborhood. A large hotel, capable of accom-

modating several hundred summer guests, now occupies the grounds

adjacent to it, and its waters seem certain to dispense health and happi-

ness in an increasing ratio for the years to come.

The main supply of water for human uses in Greene county is, how-

ever, as elsewhere, derived from wells. Wherever the Drift beds are

heavy enough, they yield an abundant and, on the whole, an excellent

supply ; but in points of Cedarville and Miami townships the Drift beds

are too shallow to furnish an adequate amount, and it becomes necessary

to penetrate the rocky floor in order to secure wells on which reliance

can be placed. These wells generally obtain water when they strike the

*The mound is now crowned with a summer-house. It may not be out of place to

add that, from the summit of the mound, Daniel Webster and Henry Olay addressed

a great audience on the same afternoon in the political campaign of 1840. '
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N first of the water-bearing horizon named above, but it has been learned

that this vein is uncertain, and the drilling is now continued until the

great vein, or that borne by the surface of the Niagara shales, is reached.

To one or two points of practical importance in this connection atten-

tion is here called. The veins, or rather sheets, of water found under

ground are fed from no mysterious sources, but, receive their supply, in

considerable part at least, directly from above. Surface waters traverse

the shallow, gravelly clay that covers the rocks easily and rapidly, and

they descend through the porous limestone with almost equal facility.

But it is often forgotten that all of the water descends, water from drains

and cess-pools as well as from summer showers or winter snows. In

point of fact no more effective drain is required for the discharge of ordi-

nary household water waste than an opening into these gravelly clays

affords, and when the excavation is carried to the surface of the lime-

stone, the drain discharges its contents with great promptness. The
case is bad enough as already stated, but in point of fact it is even much
worse than it is here represented. If the descending sewage and cess-

pool water were all obliged to traverse the porous limesione before enter-

ing the veins from which wells and springs are fed, we could be certain

that it would be quite thoroughly filtered. But the oap rock is not only

porous, it is also fraetured. Like all massive limestones, it is traversed

by two sets of joints, which divide it into blocks of quite regular shape.

But partlyby solution and partly by contraction and settling, the faces

.

of these divisional planes are no longer in contact. Crevices varying

from an inch to a foot in width intersect1 the strata. They are generally

filled with gravelly clay, but they allow a very free transmission of

liquids from above. A very gross and dangerous communication is thus

established between the neglected or polluted surface and the water veins

depended on for daily use.

It has been abundantly demonstrated that drinking water contam-

inated with even a very minute proportion of undecomposed excretory

matter becomes a common carrier of disease. Cholera and typhoid fever

in particular are known to be very largely distributed in this manner.

The addition of one grain of sewage defilement to the gallon was found,

in the cholera epidemic of 1866; in London, to be directly connected

with 71 per cent, of the whole mortality. The fact that cholera has

wrought its worst ravages in this country in places quite similar in

geological structure to the areas now under discussion is well known.

The names of Sandusky, of Nashville, of Murfreesboro, of Paris, Kentucky,

of Covington, Indiana, will recur to the minds of all. There is weighty

reason for believing that the fatality of the disease in all these widely
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separated points is due to the geological structure which they have in

common. The blocky limestones which underlie them all, taken in con-

nection with the. arrangements of well and cess-pool that ordinarily pre-

vail, renders not only possible, but, in many cases, necessary, the defile-

ment of drinking water with the products of disease.

There are two village sites in Greene county which, however attractive

and advantageous in other respects, must be considered as positively

unsafe with respect to their natural water-supply. The village sites re-

ferred to are those of Yellow Springs and Clifton.

In the former the danger of contaminated wells is rendered less from

the fact that the dwellings are so widely separated from each other, but

a very free connection between the privy vault and well of the same

premises must certainly exist in many instances. Happily, on account

of the trouble and expense of getting wells, cisterns have been a large

dependence of the village from the first, and it is not known that any

outbreak of disease can be traced to contaminated drinking water, but it

cannot be amiss to call attention to the elements of danger involved.

The village of Clifton, unfortunately, has not as good a record. No
town of Ohio suffered more severely, in proportion to its population, from

the cholera epidemic of 1849, than this little village. To any one ac-

quainted with iifcs geological structure, and. at the same time with the

results of modern inquiries in regard to the distribution of cholera, the

suspicion that the water-supply was largely connected with the fatality

of the disease cannot be repressed, and the history of the spread of the

pestilence points to the same cause.

The village is located on the north bank of the Little Miami River,

which here occupies a deep and narrow gorge, wrought out of the Niagara

limestone, as has been before stated. For forty or fifty rods back from

the gorge there is but a shallow earthy covering of the rock, but beyond

this the Drift increases in thickness until it is not less than fifty or

seventy-five feet in depth. The village is mainly built upon the first

named tract, but quite a number of dwellings are located on the higher

ground. The latter derive their water-supply from the ordinary Drift

wells of the country, while in the closer-built portions of the village

on the low ground the wells descend from fifteen to twenty-five feet into

the rock, probably deriving their water from ,the same horizon, viz., the

summit of the Springfield division of the limestone.

The cholera was confined to the lower part of the village, not a single

case occurring in the higher ground. The disease made its appearance

in the hotel or village tavern, a stranger who came into the village in

the evening being attacked in the night and dying the next morning.
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Seven deaths in all occurred in the tavern, and^two also took place in a

dwelling directly opposite to the hotel, and others in the neighborhood,

the whole number amounting to forty. The water used in the tavern was

derived from a street well, to which the occupants of adjacent dwellings also re-

sorted to a considerable extent. If the facts could all be reached, it is quite

probable that this, street well would be found responsible for the violent

outbreak and terrible fatality of the disease.

These " limestone wells," in all thickly settled areas, as towns or vil-

lages, must obviously be looked upon with grave suspicion. The water

which they furnish is very grateful to those who use it, it is true, for it

is cool because of the depth from which it comes, and clear because it

has been filtered efficiently enough, at least to remove all grosser im-

purities, but despite its clearness and coolness it may be laden with the

germs of the deadliest pestilence. Clear water is not necessarily pure

water.

A word of warning needs to be given in the same connection against

the common Drift wells of the country. An ordinary well serves a two-

fold office—-it is a way to water and a draining-pit besides. Because the

first office only is regarded in its construction, it is too often forgotten

that it must, of necessity, discharge the latter function. Great care needs

to be exercised over the area that can be influenced by this deep exca-

vation. Certainly the drainage of privy-pits, barn-yards, and kitchen-

waste ought to be most carefully excluded from the household water-sup-

ply. Too often water from all of these sources contributes to the contents

of wells, and they thus become, in an evil hour, fountains of disease and

death.

One purpose, however, they sometimes serve, which, though not de-

signed or recognized, may be a source of positive advantage. "When
placed near dwellings they do much toward draining the building site,

and thus add to its healthfulness. Of course this incongruous work
ought not to be required of them, but in default of other provision for it

the well assumes the office vicariously. A question may be raised as to

•where such water would do the greater harm—in a damp foundation and

a wet cellar, or in the household well. If choice must be made between

such unseemly alternations, probably the latter would be found the less

of two evils. But water-supply is altogether too important an element

in the health of a community to be safely left to accident or to a short-

sighted economy. It ought to be guarded with conscientious and intelli-

gent care from possible contamination.
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